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INHERITANCE OF TWO FACTORS AFFECTING 
ANTHOCYANIN DISTRIBUTION IN 
FLOWERS OF PETUNIA* 

ERNEST E DALE 

I N THE course* of inheritance studies m the garden petunia, Petunia 
hyhmia, two factors have been isolated which affes't the* distri- 
bution of anthocvanin in the flowers The first (Figs 1-2) Undb to 
inhibit the production of anthocyamn m the veins of the part of the 
corolla immc'diat^lv adjacent to the throat margin The second 
(Fig 3) largely inhibits anthoc*yanin development in the* outi*r limb 
of the corolla The first type will be designated “ pale-veined ", the 
second, "pale corolla " 


TABLE I 

HiflciKEciATiON roil Palb-vbinbd Flov^ehh in Petunia 
F i Gsnbkation 


Family 

Dark-veined 

7 

7R 

37 

Paie-vcinnd 

Expected 

nuinl>er8 

Standanl 

error 

1594 

1674 

1693 

3 

23 

13 



Total 

122 

39 

121 40 

64 


Bai ki FOBS 

50 

1734* 

r 

50 

49 50 

*= 


* The reciprocal baokcross failed to produce viable seed 


PALE-VEINED 

The pale-vemed type first appeared m a pmk-flowered \anegated 
strain of petunia which has been tallcnl "stippled" (impublishc'd) 

* Papers from the Department of Botany and Botanical Gardens of the Uni- 
versity of Michigan, No 796 
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Stippled flowcTB have a fine-Bpeckled appearance, but this is hardly 
brought out in the photographs (Figs 1-2) The character is un- 
stable, and stippled plants often bear some normal flowers In an 
inbred culture of ten pink-stippled plants three bore flowers m which 
the veins about the throat margin were pale (Fig 1), the remaining 
seven bore dark-veined flowers (Fig 2) To test the genetic con- 
stancy of pale-vetned a progeny of eiglit>-two plants was grown from 
seed of selfed flowers All were pale-vetned It seemed probable 
that palc^vetned was a recessive monogenic charact.er, and the data 
of Table I fully bear out this assumption 


TABLE II 

HiflcaKBaAiioN for Normal and Pale Corolla in Petunia 
F f Genera noK 


Family 

Normal 

Palo conilla 

Exported 

numbere 

Standard 

error 

1606 

71* 

20 



1608 

7 

1 



Total 

78 

21 

74 25 

41 

BackcroHH 

1622 

53 

43 



1632 

51 

40 



Total 

104 

92 

98 08 

70 


* Includeti four light-cnlorod plants 


PALE COROLLA 

Malinowski (1914) and Rasmuson (1918) have described crosses 
involving a fa(‘tor which appears to be genetically the same as the 
pale-corolla type reported here Dist^ussion of their work, however, 
will be deierr^ to a later part of the paper 

Newly opened flowers of the pale>coro!la strain are a light purphsh 
violet ("bishop’s purple", Kidgway) By the time the anthers 
dehisce the flowers normally become paler, being approximately 
"pale Hortense violet” (Ridgway), and eventually they may fade 
to nearly white But fading is markedly affected by environmental 
factors, since plants grown m the greenhouse and bloommg beforo 
the first of May showed only a slight change in flower color. 














Anihocyanin tn Floti)erB of Petunta 5 

The inhontance of pale~coroUa was studied m crosses with normal 
purple Thirty-nine Fi plants were obtamed, and all were normal 
The Fa and the backcross data are given in Table II 

Four Fa plants which bore hght-colored flowers intermediate' be- 
tween typical normal and pale corolla have been classifled as normal. 
It IS known that Fi hybrids of pale eoroUa X white and pale corolla 
X pink are purple Pale corolla^ therefore, earned the factor for 
purple Since dark color (purple) is strongly inhibited in the presence 
of pale corolla, it seems likely that the light-colored plants referred 
to were not genetically pale corolla But it is to be noted that, 
whether these plants are classed as pale coroUa or normal, the data 
conform to expectation for recessive moiiogemc inheritance 

DISCUSSION 

Malinowski (1914) obtained a ratio of 9 self-red 3 red-voined 4 
self-white in of a cross between red-veined and a white-flowered 
vanety of petunia He assumed, m addition to a factor for color, 
a factor B ** causing the distribution of color on the whole surface 
of the corolla, m the absence of the B factor the only colored 
parts of the flower are the veins It seems probable that Mali- 
nowski’s B factor corresponds to the pale-corolla factor discussed in 
the present paper, but that pale coroUa produces more pigment 

The study by Rasmuson (1918), which appears to involve the 
pale-corolla factor, concerned a cross between a vanety of petunia 
with near-white flowers and a purple-flowered type In Fj he ob- 
tained 282 dark-colored 98 light-colored plants He found a high 
degree of variability among his light-colored Fi segregates, but 
lumped them together as one genetic type If the present wnter’s 
interpretation of the intermediate light-colored Fi plants in Table II 
18 correct, Basmuson’s procedure presumably involves some error 
As was to be expected, no such intermediate types occurred in the 
backcross (Table II) 

Pole-vetned, as already stated, was found associated with a pink 
vanegated strain of petunia which has been called ''stippled ” Like 
many other vanegations, stippled plants occasionally produce some 
normal flowers, and an exanunation of these reverted normal flowers 
on pale-vemed plants showed that the veins were fully colored 
In sixteen pale-veined plants which bore some normal flowers the 
reverted normal flowers wore m all cases dark-oe%ned In addition to 



6 


Ernest E Dale 


beanng occasional normal flowers, stippled plants sometimes pro- 
duce clumeras, which combine sectors of normal and stippled tissue 
in one flower Two such chiineral flowers were found, and in both 
the reverted normal sectors were dark-veined^ whereas in the stippled 
areas the veins were pale Thus the pale- veined factor produces no 
visible effcM t in the normal flowers of the stippled strain, but inhibits 
the production of color m the veins about the throat margin of the 
flowers when associated with ‘^stippled ” 

Since “stippled*' is recessive to normal and pale-veined is recessive 
to dark-veined, it appears that pale-veined may be determined by 
two pairs of complementary reci'SHive genes Cntical tests of this 
hypothesis are being earned out 

Union College 
Schenectady, New Yoke 
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NOTES ON CAULERPA FROM JAVA AND 
THE PHILIPPINES* 

WILLIAM J GILIJEHr 

I N THE courw' of graduate' work at the Universitv of Michigan the 
writer has had available for study the Chlorophyecae of several 
large algal collections from the region of Java and the Philippines 
The Javanojse collection was made under the direction of Dr A J 
Kostermans, with the ( oopc'ration of the Lalioratorium voor Ond('r- 
zoek der Zee, Batavia, in the raontlis of September and October, 
1938 The matenal was preserved in formalin and sent to the 
University of Michigan iii a score of five-gallon tins, where it was 
sortod and mounted and where' collection numbers were assigned 
In all there are 18 collecting localities, chiefly islands m the Bay of 
Batavia and in the Thousand Islands to the north, a few scattered 
stations range westward and south to Oedjoengkoelon, thc' western 
cape of Java Two lots were gathered from the southc»m coast of 
Sumatra 

Dunng the year 1935 Professor H H Bartlett, chairman of the 
Department of Botany, University of Michigan, was acting as an 
exchange professor at the Univenuty of the Philippines, Manila 
While there he made a large collection of marine algae from all parts 
of thc islands, which was given to thc University of Michigan for 
identification and distribution This collection includes a few speci- 
mens contnbuted by vanous students working with him at that time 
Furthermore, thc New York Botanical Garden has loaned the 
writer its Phihppme Chlorophyceae, most of whidi have never been 
reported upon and which consist largely of collections made in 1911 
and 1913 by Dr E D Mernll, Dr W R Shaw, and others There 
are also miscellaneous specimens and a few which were gathered by 
naturalists of the Umted States Fish Commission attached to the 
S S ABmUtoss on an expedition conducted during the years 1907-10 

* Papers from the Department of Botany of the University of Michigan, 
No 782 
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So far as the wnter w aware, the exact locahty in the Philippines 
where the Albatross collections were made, and the month of year, 
are not known 

Abundant in this matenal is tho genus Caulerpa, comprising 
more than 120 collection numbers and including a total of twelve spe- 
cies, with numerous vaneties and forms In his study the wnter has 
been so impressed with the degree of variation of sise and structure in 
certain of the species and with the number of transition forms from 
one species to another where there are many collections that he feels 
the hnc dehmiting certain species of Caulerpa may be purely arbi- 
trary The absence of practically all field data, and also of preserved 
matenal for all but the Javanese collection, has been a real handicap 
in the satisfactory analysis of the plants at hand, since field data is 
especially vital in dealing with a polymorphic genus such as Caulerpa 

The manne flora of the region of the Netherland East Indies is 
already fairly well known thnmgh the monumental work for that 
area, Mme A Weber-van Dossers Ltsle des algues du Stboga (1913-28) 

The Philippine algal flora, on the other hand, is comparatively 
unknown Fewer than a dozen articles mention any Chlorophyceae, 
and these are all short lists, with the exception of the papers by 
Martens (1866) and Dickie (1876), which, though still lists, enumerate 
approximately seventy-five and fifty species respectively In addition, 
the work of Mme Weber-van Bosse mentioned above covers the Sulu 
Archipelago, where a considerable iiumlier of Professor Bartlett's 
Philippine collections were made 

Ten of the twelve species reported in the present paper were found 
in the Javanese collection, but all ten have previouidy been listed 
from the Netherland East Indies, along with a considerable number 
of others (see Weber-van Bosse, 1913, pp 96-114) Ten species 
(including those from the Sulu Archipelago) are here recorded from 
the Philippines, four of them (Caulerpa fasligtaia, C parvtfoha, C 
cupresaotdes, and C lenttUifera) newly hsted for the iriands This 
brings to eleven the total number of species of Caulerpa known from 
the Philippines, with C selago report from the Sulu Archipelago 
but not found in the present matenal 

Following are tho species, vaneties, and forms represented m the 
several collections Many call for no descnptive note, but in the 
more vanable species some attention has been given to varietal and 
form differences 
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Caulerpa from Java and the Phthppines 

List of Spbciis 
CAULERPA Lahooboox, 1809 

1 Caulerpa fasttgtaia Montagnc 

R^erenoea — Montagne, 1838, p 10, pi 2, fig 3, Weber-van Bobhp, 
1898, p 262, pi 20, figs 1-2, 1913, p 96, Bprgesen, 1013, p 118, 
fig 93, Okamura, 1916, 4(1) 14, pi 154, figs 9-13, Taylor, 
1028, p 08, pi 12, fig 12 

DtatnbuUon — Widely distributed in tropical wateni 
CoUeetiona — Philippines VtUaflorea 48, Lubang Island, Mindoro 
Province, Sept Java Koatermana 194, Kaliagc, Thousand Is- 
lands, Oct 

2 Caulerpa verttciUala J Agardh 

References — Agardh, J , 1847, p 6, 1872, p 6, Weber-van Bosse, 
1898, p 267, pi 20, figs 7-10, 1913, p Ob, Svcdclius, 1906, 
p 108, fig 1, Bdrgesen, 1907, p 355, fig 1, 1913, p 121, figs 
05-96, Taylor, 1928, p 103, pi 12, fig 7, pi 13, fig 2, Yama^, 
1034, p 62, figs 31-^2, Tseng, 1036a, p 175 
Otstnbutton — Widely distributed in tropical waters 
CoUedton — Java Koatermana 610, Anjcr, west coast of Java, Oct 

3 Caulerpa brachypua Harvey 
(Figures J-8, p 10) 

R^erencea — Harvey, 1859, p 333, Agardh, J , 1872, p 11, Kjcll- 
man, 1897, p 33, Weber-van Bosse, 18W, p 280, pi 22, fig 2, 
1013, p 97, Yamada, 1934, p 65 Caulerpa aneepa Harvey, Alg 
exc IV Isl , n 67, Agardh, J, 1872, p 9, Weber-van Bo8S(>, 
1898, p 281, pi 22, figs 6-10, Yendo, 1903, p 153, Okamura, 
1914, 3 (5) 94, pi 125, figs 1-8, S<«awa, 1035, p 62 C Stahlu 
Weber-van Bosse, 1898, p 282, pi 22, figs 3-4 
Dtatnbutum — Japan, Polynesia, Malay Archipelago 
Cotteetaona, — Java Koatermana 189, Kabage, Thousand Islands, 
Oct , 961, Ell Kelapa, Thousand Island, Oct , 881, Pocloc 
Tjma, Thousand Islands, Oct 

The three eolleotions from the region of Java mclude specimens 
which diow this to be an extremely variable species In the matenal 
at hand lie forms which could easily have fallen into Caulerpa aneepa 
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Ftois 1-3 Cavkrpa hrai^yput, showing venation In form Figures 2-3 illuB- 
trate forms onginally ihou^t to be C Slahltt and C aneepi, respectively 
All X 1 

Fiob 4r-5 Cavierpa serrulata var Boryana f longifolu^ f nov Fig 4, detail of 
U|g>er part of one frond, X 10 Fig 5, habil^ X 1 5 
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Harvey and C SloJiUt Weber-van Bobbin if Yendo (1903, p 153) had 
not Bhown them to be only growth fonns of C hrachypus Yendo 
RUggests that the different forms arc related to the season of the year 
in which the plant is found, but this is to be questioned, inasmuch 
as in the present collections, all of which were gathered within a period 
of two consi'cutive days, all the different forms are to be observed 
(Figs 1-3) Rather, either the age of the plant or its immediate 
habitat is the likely determining factor affecting its form Unfortu- 
nately, a descnption of the habitats m whn h the Javanese specimens 
were found is not available 

In several ways Caulerpa hrachypus resembles C prohfera 
Forssk&I, and it is interejstmg to note that in the present raatenal 
several of the fronds have margins which are entire except for a few 
small serrations, thus suggesting C prohfera evcui more' On iho 
same stolon, however, are fionds with delicate serrations around the 
entire edges, whuh, along vith the fact that the fronds are also 
subsessile, indicates that the plant is not this spei'ies Fnim the 
Indo-Pacific region C prohfera has been icportcd but once, by 
Weber- van Bosse (1913, p 97), from Tanah Djampeah Since at 
that time slie called attention to the serrate character of a portion of 
the margin of one frond, it would seem tliat her six'Cimen may well 
have been C hrachypus The fact that Weber-van Bosse hersi'lf 
doubted the accuracy of her determmation would tend to confinn thi 
opinion that this report of C prohfera in the Indo-Pacific region is 
questionable and that the plant with which she dealt may have been, 
as even she proposed, a large form of C hrachypus The fronds of 
C prohfera may have an undulate or, as generally, an entire margin, 
but are never spoken of as having teeth or as being serrate 

4 Caulerpa parmfdlia Harvey 

References — Harvey, 1860, pi 172, Agardh, J , 1872, p 10, Weber- 
van Bosse, 1898, p 281, pi 22, fig 5, 1913, 98, Okamura, 
1930, p 105, 1931,6(6) 58, pi 280, fig 1, Yamada, 1934, p 66, 
fig 35, Tseng, 1936a, p 176, fig 20 
Ih^irJiutiQn — Japan, China Sea, Malay Archipelago, Australia 
CoUechon — Philippines BarlleU 1499S, Dalupin Island, Babuyan 
Group, Nov 

The largest frond la 11 mm long, the usual length is 3-6 mm , and 
the width, 2-3 mm 
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5 Caulerpa craasijolia (C Agardh) J Agardh 

References — Caulerpa taxifolta |3 crasstfcita C Agardh, 1822, p 436 
C crasnfolta (C Agardh) J Agardh, 1872, p 13, Svedehus, 
1906, p 109, Vickers, 1908, pi 40, Weber-van Bosse, 1913, 
p 99, B0rgGsen, 1913, p 130, figs 102-103, 1939, p 74, Taylor, 
1928, p 96 C pinnata (L ) Weber-van Bosse, 1898, p 289 
Dutnbutum — Polynesia, Malay Archipelago, Indian Ocean, Red 
Sea, Canary Islands, Caribbean 
Colleclum — PHtumNt,B Albatross Bxpedttum S4 

Only a small plant was collected, most of its ramuh are rounded 
at the tip rather than mucronate It is f typua (Weber-van Bosse) 
Bprgesen (1913, p 131) 

6 Caukrpa taxifolta (Vahl) C Agardh 

References — Fucus taxifohus Vahl, 1802, p 36 Caulerpa taxtfeha 
(Vahl) C Agardh, 1822, p 435, Harvey, 1860, pi 178, Weber- 
van Bosse, 1898, p 292, 1913, p 100, Svedehus, 1906, p 112, 
Bprgesen, 1907, p 663, 1913, p 131, figs 104-105, 1932a, p 68, 
Vickers, 1908, pi 41, Okamura, 1913,3(2) 38, pi 110, figs 4-6, 
Yamada, 1934, p 67, Tseng, 1936a, p 180 
Dtslnbutum — Japan, China ^a, Phihppines, Polynesia, Malay 
Archipelago, Indian Ocean, Caribbean 
CoUedtons — Philippines BarOeU 16128, North Ubian Island, 
Sulu Archipelago, Sept Java Kostemums 268a, Ed Kelapa, 
Thousand Islands, Oct , 4670, Poeloe Pajoeng, Oct , Olla, Anjer, 
west coat of Java, Oct 

7 Caulerpa sertulanotdea (Gmelm) Howe 

Rtfermees — Fucus sertularundes Qmehn, 1768, p 164, pi. 15, fig 4 
F plumarts Forsskal, 1776, p 190 Caulerpa plumans (ForsskAl) 
C. Agardh, 1822, p 436, Ktltsing, 1849, p 496, Dickie, 1876, 
p 245, Wober-van Bosse, 1898, p 294, {d 24, figs 4-6, 10 
C sertularundes (Gmelm) Howe, 1906, p 676, Sveddius, 1906, 
p 114, figs. 7-10, Bprgesen, 1907, p 366, fig 11, 1913. p 133, 
fig 106, Vickers, 1908, pi 42, Collins, 1609, p 334, Weberian 
Bosse, 1913, p 100, Okamura, 1913, 3 (2) * 36, pi 110, figs 1-3, 
Yamada, 1934, p 68, Tseng, 1636a, p 176 
Dtstnbulton. — Widely distribute in tropical waters. 
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F brevtpea (J Agardb) Svedehue 
Rtference — Svedelius, 1906, p 114 

CoUecitona — Philippinss BarUeti 14021 ^ Manila Channel, Puerto 
Galera, Mindoro, 1936 Java KoBtermans 51 ^ Eil Hoorn, Bay 
of Batavia, Sept 

F Urngtseta (Borv) Svedehus [perperam C seriulanoideft 
f langtaeta (J Agardh) Svedelius] 

Reference — Svedehus, 1906, p 114 

CoUeciwnB — Philippin&b Bartleti 15940^ Puerto Galera Bay, 
Puerto Galera, Mindoro, May, 16679^ smal] island opposite 
Culion Harbor, Cuhon Island, Calamiau Group, July Merrill 
9144} Taytay, Palawan, Apnl Shaw 1130, Cabcaban, Bataan 
Province, Luzon, May Java KosiermanB 184} Kahage, Thou- 
sand Islands, Oct , 264} l^^tl Kelapa, Thousand Islands, Oct , 
324} Pocloe Tpna, Thousand Islands, Oct , 4^o, and ^ 467h, Poeloe 
Pajoeng, Oct , ’^586, Poeloe Toenda (P Babi), Oct , Gllh, Anjer, 
west coast of Java, Oct 

In the literature there is considerable confusion regarding the 
limits of f but this seems unwarranted in view of the fact 

that the original description of Caulerpe plumatre var /9 Longiseta 
Bory (1826, pp 193-194, pi 22, fig 4) seems quite definite Bory 
used the term to apply to plants of this species that am soft and that 
have fronds which are nearly always simple and borne singly, which 
are sessile or very briefly p^iccllate, and which are 2 0 3 5 inches 
high, with ramuh 0 45~0 78 or even 1 0 cm long 

The plants from Java and the Philippines under this form seem 
to fall into two general groups, the aspect of which is much the same, 
but which differ in size of frond, length of ramuh, and closeness with 
which the ramuh are arranged The first group, including most of 
the Javanese plants, are of the smaller type, in whwh the ramuh are 
about 15 to a centimeter and 0 5-0 7 cm long, and in which the fronds 
reach a height of 4 0 cm and have a very soft appearance Svedehus 
(1906, p 114, figs 7-10) has illustrated this group 

BarOetl 15679 and JIf emS 9144} from the Philippines, represent the 
second group, in which the ramuh are 10-11 to a centimeter and up 
to 1 0 cm. long, and m which the fronds may reach a height of 9 0 
cm. and m general appearance are coarser than those of the plants 
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mentioned previously Branching rarely occurs in either group 
Shaw llSOf from the Philippines, clearly represents a transition be- 
tween these two general types, and it would seem that the larger 
ones are typical cither of older plants or plants growing m more 
favorable habitats or both 

CauUrpa sertulanotdes (Gmelin) llowe f lo^igtscta (Bory) Svede- 
lius has in the past been incorrectly cited as C seriulanotdes f 
longiseta (J Agardh) Svedelius, but the term longtseia was first used 
by Bory (1826, p 104) for var /3 Ijongtsrta under Caulerpe plumairet 
a synonym of Caulerpa satulanotdes 

Provisionally assigned here are Bartlett 13940 1 Kostermana 407b, 
and Kostermana S8G, which resemble f longiaeta more than they do 
any other form, but m whidi the ramiili are relatively wider and the 
fronds show the interrupted character usually osenbed to periodic 
growth 

8 Caulerpa aerrulaia (Forssk&l) J Agardh 
emend B0rgesen 

References — Fucua serrulatiis Forssk&l, 1776, p 189 Catderpa 
Freyctnehi C Agardh, 1822, p 446, Weber- van Bosse, 1898, 
p 310, pi 25, figs 4^11, pi 26, figs 1-6, 1913, p 102, Svedelius, 
1906, p 115, Okamura, 1913, 3(1) 18, pi 105, figs 1-6 C set- 
rulaUi J Agardh, 1836, p 174 (not seen, (]Uoted from Weber- 
van Bosse, 1898, p 311) C aerrulata (Forssk&l) J Agardh 
emend Bprgejscn, 1932b, p 6, 1940, p 50, Tseng, 1936a, p 178, 
fig 31 

Distribution — Widely distributed in Indian and tropical Pacific 
waters 

This species is well represented m the collections, with two 
varieties and several different forms, listed below In addition, two 
specimens from Java {Koalermana 179, Kaliage, Thousand Islands, 
Oct , 333, Poeloe Tjma, Thousand Islands, Oct ) were too frag- 
mentary to assign to any particular variety The fre(|uency of its 
occurrence m the Philippine matimal makes it surprising that the 
species has previously been recorded but a single time for the islands 
(Webei>-van Bosse, 1913, p 102) 

Var typica (Weber-van Bosse) Tseng 
Reference — Tseng, 1936a, p 178 
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F lata (Webcr-van Bobhc) Tseng 

Reference — Tseng, 1936a, p 178, fig 31 

Collecttons — Phitjppinkb Santos 128^ Wawa, Nasugbii, Batangas 
Province, July Bartlett 1S9S7, Puerto Galera Bay, Puerto 
Galera, Mindoro, May, 14^71, Curnmao, llucos Norte Province, 
Luzon, Oct , 16593a, small island opposite Cuhon Harbor, 
Culion Island, Calamian Group, July, 18146, Little Santa Cruz 
Island, Basilan Strait, southwest of Zamboanga, Mindanao, Sept , 
16174f Mactan Island, opposite Cebu, Cebu Island, Sept Merrill 
9155, Taytay, Palawan, April McGregor, Bureau of Science 
18480, Biliran, June HaUier 588, Zamboanga, Mindanao, Feb 
Java KoaUrmans 12, Eil Kerkhof, Bay of Batavia, Sept , 79, 
Kil Leiden, Bay of Batavia, Sept , 265, Kil Kelapa, Thousand 
Islands, Oct , 4^^t 1^^>^ Amsterdam, near Bay of Batavia, Oct , 
469, Poeloc* Pajoeng, 0< t , 612, Anjer, west coat of Java, Oct 

F semilata (Forsskal), comb nov 

Reference — Caulerpa Freyctnelti \ar typtca f «crruia/tt Weber-van 
Bosse, 1898, p 314 

CoUectiom — Phiuppines Merrill 9142, Taytay, Palawan, April 
Java Koatermana 50, Eil Hoorn, Bay of Batavia, Sept 

F spiralis (WelxT-van Bosse), comb uov 

R^erence — Caukrpa Friycineltt var iyptia f apiiaha Weber“\an 
Bosse, 1898, p 314 

CoUeettona — Java Kosiermans 4^, Eil Hoorn, Bay of Batavia, 
Sept , 112, Ell Edam, Bay of Batavia, Sept , 687, Poeloe Toenda 
(P Babi), Oct 

Var Boryana (J Agardh), comb nov 

References — Caukrpa Boryana J Agardh, 1872, p 20 C Frcyct- 
nc<u var de Boryana Weber van Bosse, 1898, p 316 

F occldentaUs (Weber-van Bosse), comb uov 

Reference — Caulerpa Freyc%nei%% var de Boryana f occidentaha 
Weber-van Bosse, 1898, p 315 

CoUecHona — Philifpineb BarUeti 15677, small island opposite 
Cuhon Harbor, Cuhon Island, Calamian Group, July, 16032h, 
Siasi Island, Sulu Archipelago, Sept 
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F longifoUav f nov 
(Figures 4-5, p 10) 

Dentes tarn longi quam latitude rhachium 

Colleciton — Philippines BarUett ]605£a, type, Siasi Island, Sulu 
Archipelago, Sept 

This new form of var Boryana exhibits the characteristics of the 
vanety, with the fronds having a long cyhndncal pedicel and a flat 
linear blade, which is only shghtly twist^, but it differs from other 
forms in the size and shape of the teeth, which are opposite to sub- 
opposite, somewhat spreadmg, reach a lengtli equal to the width of 
the frond between the t(%*th bases, and are narrowed more or less 
sharply toward their pointed or mucronate Ups The teeth of all 
other forms of var Boryana are wider at their base than high One 
of the fronds has teeth borne tnstichously for a short distance, but 
this arrangement, though of rare occurrence, has already been shown 
in the species (Welier-van Bosse, 1898, p 316) 

9 Caulerpa cupreaamdes (Vahl) C Agardh 

Rt^erences — Fuctw cupressotdes Vahl, 1802, p 29 Carderpa cuprea^ 
aotdeff (Vahl) C Agardh, 1822, p 441, Agardh, J, 1872, p 21, 
Weber-van Bosse, 1898, p 323, pi 27, figs 1-14, pi 28, figs 1-12, 
1913, p 103, SvedeliuB, 1906, p 115, B0rgc8en, 1913, p 135, 
figs 108-116, 1940, p 50, Okamura, 1916, 4(1) 16, pi 156, 
figs 1-3, Taylor, 1928, p 96, pi 12, figs 18-19, pi 13, figs 4, 16, 
Tseng, 1936a, p 177, ^ 30 
DtstnbtUion — Widely distributed m tropical waters 

Var typica Weber-van Bosse 

Reference — Weber-van Bosse, 1898, p 327 

CoUeetton — Java Koetermane 721, Lampoeng Bay, Sumatra, Oct 

Var Lycopodium (J Agardh) Weber-van Bosse 
Reference — Weber-van Bosse, 1898, p 335 

F oiUemifoha (Crouan) Weber-van Bosse 

Reference — Weber-van Bosse, 1898, p 336 
CMechon — Java Kostermane 486, Podoe Pajoeng, Oot 
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F elegana (Crouan) Weber-van Bonse 

Reference — Weber-van Bosse, 1808, p 336 
CoUedione — Java Koaiermana ISS^ Kabage, Thousand Islands, 
Oct , 26Bf 26Sht Eil Kelapa, Thousand Islands, Oct , 588^ Poeloe 
Toenda (P Babi), Oct 

F amicorum (Harvey) Weber-van Bosse 

Reference — Weber-van Bosse, 1898, p 337 
Collection — Philippines Bartlett 18781 f Puerto Galera Bay, vicin- 
ity of Puerto Galera, Mindoro, May 

This iH the only specimen of Caulerpa cupreaaotdea in the Philip- 
pine collection The ramuh throughout the plant are distichous, 
with no indication of a tristichous or multisenate arrangement, but 
the branches, with a few exceptions, are produced on a third plane, 
which IS not unusual for the species The conception of f amicorum 
of Tseng (1036a, p 177, fig 30) and Okamura (1916, 4[l3 16) 
suggests very strongly the length, shape, and arrangement of the 
ramuh of the Phihppme specimen, except that these authors report 
that the ramuh are at times tristichous, or even multisenate 

?Var enctfolta (Turner) Weber-van Basse 

Reference — Weber-van Bosse, 1898, p 335 

Collection — Java Koaiermana 609, Anjer, west coast of Java, Oct 

The specimen is so small and fragmentary that it is assigned to 
this vanety with hesitation, the ramuh, however, are multisenate 
and cyhndncal, and some of them he closely appressed to the central 
axis of the frond, which are cliaracters of the vanety 

10 Caulerpa racemoaa (Forssk&l) J Agardh 

References — Fucus racemosus ForsskU, 1776, p 191 Caiderpa 
racemosa (Forssk&l) J Agardh, 1872, p 36, Dickie, 1876, p 244 
(as C davifera), Weber-van Bosse, 1898, p 367, pi 31, figs 5-8, 
pi 32, figs 1-7, pi 33, figs 1-23, 1913, p 104, figs 26-28, 
B0rgeBen, 1907, p 378, Okamura, 1913, 3(4) 66, pi 119, figs 
1-6; 1931, 6(6) 58, pi 280, figs 2-9; Taylor, 1928, p 101, pi 
12, figs 3, 6-6, 8, 14, pi 13, figs 3, 8-11, Yamada, 1934, p 71, 
Tseng, 1936a, p 180, ^ 32 
Di^tribnAton — Widely distnbuted m tropical waters 
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This species is abundant m the collections studied, but its very 
abundance made separation of the specimens mto vaneties and forms 
difficult, since the transition forms seem to be almost as numerous 
as the collections The need for critical field notes was especially 
felt here 

Var mtcrophyaa (Weber~van Bosse) Taylor 
Reference — Taylor, 1928, p 102 

Collecltma — Java Koetermana 4^8, Poeloe Pajoeng, Oct , 689, 
Poeloe Toenda (P Babi), Oct 

The fronds are 3-15 mm in length and unbranched, the shorter 
ones with only three or four ramuh, the longer ones with many 
The ramuh have a short pedicel, occasionally as much as 1 mm long, 
which suddenly expands mto a globular head 1 0-1 5 mm in diameter 
At times there is a suggestion of a constnction between the globular 
head and the pedicel of the ramulus, which may indicate some re- 
lationship between var microphyaa and the Pedicdlatae of J Agardh 
However, neither of the two specimens shows the marked constnction 
charactenstic of all the Pedicellatae, including Catderpa knltUifera, 
which C racemoaav&r mtcrop%sa otherwise rather closely resembles 

Var clavrfera (Turner) Weber- van Bosse 

li^ererice — Weber-van Bosse, 1898, p 361 
Collecitona — Philippines ^Santos 189, Wawa, Nasugbu, Batangas 
Province, July BarUett 1S948, Puerto Galera Bay, vicimty of 
Puerto Qalera, Mindoro, May, I4004, Batangas Channel, Puerto 
Galera, Mindoro, 14976, Dalupm Island, Babuyan Group, Nov , 
15480, Basco, Batan Island, Batanes Provmce, July, 16068, 
Harbor of Jolo, Jolo Island, Sulu Archipelago, Sept , 161 44t 
Little Santa Cruz Island, Basilan Strait, near Zamboanga, 
Mindanao, Sept MemU^lSO, Taytay, Palawan, Apnl, 9168, 
Taytay, Palawan, May Shaw 1188, 1189, Cabcaban, Flovmoe 
of Bataan, Luzon, May WiUtama (no collection number), on 
coral reef, Darong, Mindanao, March 21, 1905 Fintz, Bureau 
of Science 13006, ]^roton Reef, San Fernando, La Umon Prov- 
ince, Luzon, Dec Curran, Foreatry Bureau 9660, Piapi, Taya- 
bas Provmce, Luzon, March Albatroaa Expedition 7, 9 Java* 
Koatermana 6, Eil Kerkhof, Bay of Batavia, Sept , 68, Eil. 
Hoorn, Bay of Batavia, Sept , 111, Eil Edam, Bay of Batavia, 
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Sept , 266f Ell Kelapa, Thousand Islands, Oct , Eil Am- 
Htcrdam, near Bay of Batavia, Get , 4'^'^, Pocloc Fajoeng, Oct 

Included here are those specimens with fronds up to 3 cm in 
length, the ramuii being more or less spaced and consisting of a 
lower portion, 0 5-1 0 nun in length, which gradually expands into 
a rounded end, 2 3 mm m diameter In a few, particularly Bartletl 
1394^, some of tlie ramuh have rather longer pedicels and quite 
suddenly expand into the globular tip, thus suggesting var occi- 
dcnialts, but because the condition is not uniform throughout the 
whole plant and because the fronds are shorter than typical var 
occtdenialte the siiecimens are included here 

Var macrophysa (Ktitzing) Taylor 
Reference — Taj lor, 1928, p 101 

Collections - Phiuppinils Bartlett 161 360 , 16139, North Ubian Is- 
land, Sulu Archipelago, Sept Java Kostermans 4, Eil Kerkhof, 
Bay of Batavia, Sept , 180, 183, 193, Kaliage, Thousand Islands, 
Oct , 367, Ell Kolapa, Thousand Islands, Oct , 833, Poeloe 
Tjina, Thousand Islands, Oct , 613, Anjer, west coast of Java, 
Oct , 730, Seboekoe, Lampoeng Bay, Sumatra, Oct 

The fronds reach 4 cm in length The ramuh expand rather 
suddenly into a sphencal or, more rarely, a flattened end 3-5 mm 
in diameter, and are from 3 mm (or loss) to 5 mm apart 

It is intt'restmg that the usual form of the ramuh tips is sphencal 
ratlier than “depressed-convex,” as Taylor (1928, p 101) descnbc's 
the Flonda material That the typical form is rounded there can be 
little doubt, for the figure of Chaumma macrophysa Kutzing (1857, 
pi 15) from the coast of Central Amenca, on which Weber-\an 
Bossc based her f macrophysa and Tayter based the vancty, shows 
most of the ramuh spherical, with a few compn^ssed, this is char- 
actenstn* of the Javanese and Phihppinc matenal 

Okamura (1913, pi 119, fig 1) m illustrating his conception of 
Cavlerpa racetmsa var oUmfera f macrophysa shows a plant with 
the ramuh having almost sphencal ends, only an occasional one 
being depressed His illustration is of a plant stnkmgly similar to 
several of the present collections 

What appears to be a transition fonn between vanetiea macrophysa 
and laetenrens is represented by Kostermans 193, Bartlett 16136h 
shows certain affinities to var omdentahs 
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Var macra Weber*-vau Bosee 

Reference — Weber-van Bosse, 1913, p 106, fig 26 
CoUections — Philippines BarUett 15676^ small island opposite 
Culion Harbor, Cuhon Island, Calamian Group, July Java 
Kostermana iiO, Eil Edam, Bay of Batavia, Sept , 19t, Kaliage, 
Thousand Islands, Oct , 268, Eil Kclapa, Thousand Islands, Oct 

Weber~van Bosse descnlied this variety to accommodate a large 
and robust specimen of Caulerpa racemoaa, which was found growing 
in very quiet water The plants in the present collections reach the 
dimensions given for the variety, especially BarUeti 15576, which has 
a stolon up to 6 mm in diameter and more than 40 cm long and 
fronds 5-11 cm in length The ramuh are almost entirely pynform, 
swelling sometimes abruptly, but more often gradually, from the 
base to the rounded tip Some of the ramuh reach a length of a lit- 
tle more than a centimeter, are arranged alternately, and arc not 
crowded 

It IS quite impossible to ascertain whether the specimens listed 
above were found in quiet waters 

Var vmfera (Turner) Weber-van Bosse 

R^erence — Weber van Bosse, 1898, p 362 
CoUecHon — Philippines Alhatroea Expedition 38 

The one specimen is largely charactenzed by the multisenate 
and imbricate obovoid or obovoid-compressed ramuh of var mifera, 
but shows some affinity to var laeietnrens, since some of the ramuh 
are cyhndneal or elongate-clavatiC 

Var corynephma (Montagne) WelM*r-van Bosse 

Referetice — Weber-van Bosse, 1898, p 364 
CMectiom — Philippines Alhatroee Expedition 8, 29 

?Var occidentalia (C Agardh) B0rgesen 
Reference — B0rgeBcn, 1907, p 379 

Collection — Java Koatermam SO, Eil Leiden, Bay of Batavia, 
Sept 

It 18 With he^tation that this specimen is included here, but since 
the ramuh appear alternate and somewhat distichous, arc not 



21 


Caulerpa from Java and the Philippines 

crowded, and are suddenly swollen into a rounded tip from a fairly 
long pedicel, the plant Neems to belong to this rather than to any other 
variety 

Var laetevirens (Montagne) Weber-van Bosse 

Reference — Weber-van Bosse, 1898, p 366 
CoUections — Philippines Albatross Expedition 64 Java Xos/er- 
tnans IBS, Kahage, Thousand Islands, Oct , S69, Eil Kelapa, 
Thousand Islands, Oct , 47 Poeloe Pajoeng, Oct 

The Javanese specimens have fronds up to 5-6 cm high, with 
the typical densely imbncatc ramuli, which are gradually swollen to 
a rounded summit The fronds of the Philippine specimen reach 13 
cm in height, the ramuli are elongate-cyhndncal and as much as 
1 cm long 

Var Lamourouxti (Turner) Weber-van Bossc 

Reference — Weber-van Bosse, 1898, p 368 
Colkctums — Java Kosiermans S, Eil Kerkhof, Bay of Batavia, 
Sept , 81, Ell Leiden, Bay of Batavia, Sept , 190, Kaliage, 
Thousand Islands, Oct , 411$ Eil Amsterdam, near Bay of 
Batavia, Oct , 590, Poeloe Toenda (P Babi), Oct 

All the spt'cimons are f typica Weber-van Bosse, and vary from 
plants with a complanate frond almost destitute of ramuli to ones 
with fronds consisting of an erect axis which is almost cyhndnral and 
having numerous, but not (*ruwded, distichous cylindrical or clavate 
ramuli 

Var graalts (Zanardini) Weber-van Bosse 

Reference — Weber-van Bosse, 1898, p 370 
Collection — Philippines Albatross Expedition 84 

Var Chemnitzia (Esper) Weber-van Bosse 

R^erence — Weber-van Bosse, 1898, p 370 
CoUecUons — Java Kosiermans 825, Poeloe Tjina, Thousand 
Islands, Oct , 580, Toppershoedje, an island between Strait 
Soenda and Java Sea, Oct 

The plants are rather delicate, with fronds up to 2 cm in height 
The ramuli are numerous and imbricate, trumpet-shaped, enlarging 
gradually from the base to the flattened top 
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11 Caulerpa peltata Lamouroiix 

References — Lamouroux, 1809, p 145, pi 3, fig 2 (not seen, quoted 
from Weber-van Bosse, 1898, p 373), Agardh, J, 1872, p 37, 
Dickie, 1876, p 244, Weber-van Bobbc, 1898, p 373, pi 31, figs 
9-11, pi 32, figs 8-9, 1913, p 110, Svcdelma, 1906, p 131, 
B0rge8cn, 1925, p 112, fig 47, 1932a, p 62, fig 5, Okamura, 
1931, 6(6) 60, pi 280, figs 10- 12, Yamada, 1934, p 72, Tseng, 
1936b, p 176, fig 4 

Diatrtbuiion — Widely distnbut/ed in tropical waters 

In this species have been included all those specimens with few to 
all peltate ramuli Transition forms arc found m the specimens 
listed under var typicaj they vary from plants in which all ramuli 
are peltate to ones in which only a few of the ramuli are typically 
peltate and the others range in shape to tlie c lavate form of Caulerpa 
racemosa var clavifera, the trumpet-like and imbricate ramuli of 
C racemosa var Chemnitziat or the suddenly expanded spherical- 
tipped ramuli of C racemosa var occidentalis 

All these tranaition forms may at times be found on the same 
plant and largely even on the same frond This serves to illustrate 
once again that the line distinguishing Caulerpa peltata from C race- 
nyosa is apparently quite arbitrary The writer feels, however, that 
It IS best to retain them as separate species, althougli acknowledging 
the evidence which shows they may not be, until the degree of 
hybndisation in the genus Claulerpa is better understood Cultural 
investigation should prove a most valuable aid to systematic studies 
in this genus 

Var iypica Weber-van Bosse 

R^erence — Weber-van Bosse, 1898, p 375 
CoUections — Phiuppinss /Santos 127^ Wawa, Nasugbu, Batangas 
Provmoe, July BarikU 13943, Puerto Galera Bay, Puerto Galora, 
Mindoro, May, 14B75, Dalupin Island, Babuyan Group, Nov , 
Wl£6h, 16137, North Ubian Island, Snlu Archipelago, Sept 
Java Kosiermans 178, Kahage, Thousand Islands, Oct , 470, 
Poeloe Pajoeng, Oct , 629, 531, Toppershoedje, Oct , 664, 
OedjoengkoeloD, western cape of Java, Oct ; 718, 719, Seboekoe, 
Lampoeng Bay, Sumatra, Oct 
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The average diameter of the peltate tips is about 3 mm , which 
IB typical for the variety, but in Bartlett 16127 the diameter reaches 
6 mm , almost the maximum for the vanety 

Var marrodiaca (Deeaisne) Weber- van Bosse 

Reference — Weber-van Bosse, 1898, p 376 
Colleeiton — Java Koetermans 768y Behmbmg, on the south coast 
of Sumatra, Oct 

Only one specimen at hand represents this vanety The diameter 
of the peltate tips of some of the ramuh reaches 1 0 cm The ramuli 
are comparatively few and widely spaced Vanety macrodtaca has 
also been reported from the Phihppines (Howe, 1932, p 169), from 
Panay Island, under the name Caulerpa Tnacrodtaca Deeaisne This 
collection, which the wnter has seen, has specimens with peltate 
ramuh which exceed 2 cm in diameter 

12 Caulerpa lentilhfera J Agardh 

Rrfereneee — Agardh, J , 1836, p 173 (not seen, quoted from De Toni 
1889, 1 483), 1872, p 42, Weber-van Bosse, 1898, p 380, pi 34, 
figs 1-2, 1913, p 112 Caulerpa longtaitpitata (Weber-van 
Bosse) Svedehus, 1906, p 137, figs 45-46 
Distribution — Japan, China Sea, Polynesia, Malay Archipelago, 
Indian Ocean, 7Canbbean 

CoUections — Phiupfinks BarUett lS941t Puerto Galera Bay, 
Puerto Galera, Mindoro, May Java ? Kostermans 181 , Kaliagc, 
Thousand Islands, Oct 

The constnction of the ramulus pedicel charactenstic of this and 
other species of the Pedicellatae, is not so evident in the Javanese 
plant, but the length of the frond, the long pedicels of the ramuh, 
and the constnction, though slight, would seem to indicate that it 
should be placed here, rather than in Carderpa racemosa var micro- 
physUf to which it bears certain resemblances • 

The wnter wishes to express his thanks to Dr Wm Randolph 
Taylor, professor of botany at the Umversity of Michigan, under 
whose direction the present study has been earned out 

UinvxBSiTT OF Michigan 
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NOTES ON THE ALGAL FLORA 
OF MICHIGAN* 

ALTON H GUSTAFSON 

T axonomic sUkIigh of the Michigan algac^ hav(* been pubhahed 
at intiervals Binro 1894 (19) A< kloy (2) and Nithola and Acklev 
(17) complied a list of 950 Hpecies, vanctios, and forms found in the 
state Investigation has been particularly active in the last decade, 
as IS shown by the bibliography at the end of this paper and the 
fact that 1,433 species have now been listed This is a greater num- 
ber than 18 known from any other state 

Material for the study reported here was gathered in Charlevoix, 
Cheboygan, Emmet, Otsego, and Pri^sciue Isle counties Twenty- 
one species (marked with astensks in the list Mow) are now to the 
state, eighty-two are listed for a second time 

Table I is a census of the known algae, c'xclusivc of the diatoms, 
arranged in taxonomic groups, it shows that certain groups have 
not been adequately studied and that most of the species have been 
reported but once Records for the flagellated groups are especially 
scarce Even the group best represented, the Desinidiaceae, whicli 
accounts for about 40 per cent of the total number of specic^s, should 
have considerably more attention, as is mdicated by the fact that 
nearly half of the known species have been reported since the publi- 
cation of the summary paper by Nichols and Ackley (17) in 1932 
Smee more tlian 70 per cent of all known species have been recorded 
by only one observer there is obvious need of ( onfirmatory data 
Present interest m the algae, coupled with the fact that some 
papers have been overlooked by previous investigators, warrants 
the inclusion of a complete bibliography of articles on the Michigan 
algae, exclusive of those concerned solely with diatoms 

* Thanks are clue the Wilhama College 1900 Fund for financial amiHtance and 
the University of Michigan Biological Station for the privileges and courtesies 
extended during the course of the investigation 
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TABLE I 


CBNBII8 or Aloab Known brom Micbioan, Inclcoino Sfrcoeb, Vabibtibb, 
AND Formb, Abbanobd IN TAXcwoMir Groups 



Number previously reported 

Number reported 
in this paper 

Group 



More 


For the 

For the 


Onoe 

Twice 

than 

Total 

hntt 

second 




twice 


time 

tune 

Myxophyceae 

191 

84 

26 

251 

3 

28 

Chrysophyneae 

10 

6 

2 

24 

4 

4 

Heterokontao 

15 

5 

3 

23 

1 

5 

Dmuphyceae 

Cryptophyoeae 


1 

1 

13 

2 


Rhodophyoeae 

2 

1 


3 



Charophyoeae 

18 

3 


21 



Eugleuophyceae 

9 

2 

2 

13 

6 

6 

Chlnrophyceae 

(743) 

(210) 

(111) 

(1,064) 



Volvocales 

7 

1 

4 

12 

1 

1 

Tetraaporalea 

n 

6 


17 

1 

8 

Ulotrichalea 

66 

21 

8 

86 


6 

OedogoniaieB 

91 

23 

2 

116 



Chlorococcales 

120 

20 

17 

167 

3 

25 

Siphonalea 

7 

5 1 

2 

14 



ZygnemataleB 

(461) 

(184) 1 

(78) 

(063) 



Zygnemataoeae 

59 

24 

5 

88 



Meaotaeniaceae 

21 

2 

1 

24 



Deainidiaceae 

871 

108 

72 

551 



Totals 

IB 

262 



21 
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List or Spkcie» 

MYXOPHYCBAS 

CHROOCOCCALES 

Aphakocapba pblicatibbiua W and Q 8 Weet — Abundant in 
Tomahawk Lakes, Presque Isle, Ackley (2) 

Aphanocapba RivrLABiB (Carm ) Rabenh — Emmet and Charle- 
voix, Ackley (2) 

Aphanothecs clathbata W and O 8 West — Cheboygan, 
Welch (43) 

Aphanothbce msuiiANB Richter — Cheboygan and Emmet, Ack- 
ley (2) 
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Chroogoccus oigattfeub W West —Emmet and Charlevoix, 
Ackley (2) 

Gleocapba gigab W and G S West — Cheboygan and Emmet, 
Ackley (2) 

Gix)KOthecb lunata W and G 8 West — Emmet, Ackley (2) 

Gouphobphaeria lacubtrib Chodat — Cheboygan and Emmet, 
Ackley (2) 

Marboniella eleganb Lemm — Emmet, Charlevoix, and Otsego, 
Taft (29) 

Meribhopedia punctata Meyon — Emmet and Otsego, Ackley (2) 

"'Synechococcub AERUGiNOBUB Nkg — Cheboygan 

*Synbchococcub AERUGINOBUB Nfig var MAXIMUS Lemm — Shoe- 
pack Lake, Presque Isle 

CHAEMOSIPHONALES 

•Xenococcub BivuLARifl (Hansg ) Geitler — Nichors Bog, Che- 
boygan 

The identification is open to some question, although similar 
matenal from the same locality has bc*en provisionally assigned 
to this species by Dr G E Nichols, of Yale University 

HORMOGONALE& 

Anabaena contorta Bach — Emmet, Ackley (2) 

Anababna inaequalib (Ktitz ) Bomet and Flahault — Cheboygan 
and Emmet, Ackley (2) 

Anabaena Lemmermanni Richter — Cheboygan and Otsego, Ack- 
ley (2) 

Anabaena lihnetica G M Smith — Otsego, Raymond (25) 

Anabaena toruloba (Carm ) Lagerh — Cheboygan and Emmet , 
AeWey (2) 

Calothrix paribtina (Niig) Thuret — Cheboygan, Emmet, and 
Charlevoix, Ackley (2) 

Cyundrobpermum MiNUTUM Wood — Emmct, Ackley (2) 

Dicothbix Orsiana (KtltB ) Bomet and Flahault — Presque Isle, 
Ackley (2) 

Hapalobiphon FONTiNALiB (Ag ) Bornct — Cheboygan and Emmet, 
Ackley (2) 
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Lyngbia AEHUGiNKo-coKRULEA (Ktitz ) Gom — Cheboygan, Ack- 
ley (2) 

Lvngbya major Menegh — Presque Isle, Ackley (2) 

Lyngbya majubcula (Dillwyn) Harvev — Cheboygan and C^^harle- 
voix, Ackley (2) 

Microcolbub paludobus (Ktitz) Gom — Otsego, Velasquez (41) 
Nodulauia paiatdoba Wolk' — Presque Isle, Ackley (2) 

Nobtoc microbcopicum Carm — Emmet and Otsego, Ackley (2) 
Nostoc punctiforme (Kutz ) Hanot — Otsego, Ackley (2) 
Phormidium Rbtzii (Ag ) Gom — Emmet, Velasquez ( 41 ) 
ScYTONEMA HoFMANNi Ag — Cheboygan, Ackley (2) 


CHRYSOPHYCEAE 

*CHRYaAMO£BA UADiANB Klcbs — Chcboygan 
CuBYBOCAPBA PLANCTONicA (W and G S West) Paschcr —Em- 
met and Charlevoix, Taft (29) 

'*'Derepyxib urckolata (Stokes) Lemm — Presque Isle 

The identification of this species is somewhat doubtful because 
of the small number of individuals found 
Lagynion ampullaceum (Stokes) Paschcr — Common epiphyte on 
other algae in Charlevoix, Taft (29) 

Mallqmonab caudata IwanofiF — Cheboygan and Emmet, Taft (29) 
*MAnLOMONAB tonburata Tcilung — Rather abundant m 8e\eral 
plankton samples taken from Emmet 
*Syncrypta volvox p]hr — Found in several collections from road- 
side ditches in Presque Isle 

This species was identified by Hr Nichols from collections made 
m 1933 m Vincent Lake, although no record was published 
Uhoglena volvox Ehr — Charlevoix and Otsego, Kofoid (15) 

HETEROKONTAE 

•Centbitractus belenophorub Lemm — Emmet and Otaego 

There appears to bo no previously published record of the 
occurrence of this species in the Unit^ States, although Dr 
James B Lackey, of the Umted States Public Health Service, 
Cincinnati, Ohio, has found it to be abundant m Ohio, and the 
author has collected it m Massachusetts 
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Ophiocttium abbubculitm (A Braun) liabenh — Charlevoix and 
Enunet, Ackley (2) 

OPHiOGTTitTM CAPiTATUM Wolle — Emmet and Presque Isle, Ack- 
ley (2) 

Ophiocttium hajub N&g — Cheboygan, Emmet, Charlevoix, and 
Presque Isle, Ackley (2) 

Ophiocttium PAiivuLxnii (Perty) A Braun — Present in collections 
from all counties studied, Ackley (2) 

Stipitococcus urceolatub W and G S West — Otsego and 
Presque Isle, Taft (29) 

CRYPTOPHYCBAB 

'"Crtptomonab eroba Ehr — Emmet, Charlevoix, and Presque Isle 

*Ckyftomona8 ovata Ehr — Cheboygan, Charlevoix, Emmet, and 
Presque Isle 


EUGLENOPHYCSAE 

*Euglkna oeseb Ehr — Occasional m plankton, Cheboygan 
Euqlena OXTURIB Schmaida — Occasional in vegetable d6bns m 
roadside ditches, Cheboygan and Emmet , Dolley (13) 
*L£POcincli8 ovum (Ehr ) Lemm — Presque Isle 
Phacub acuminatub Stokes — Cheboygan and Emmet, Taft (29) 
Phacub fleuronecteb (O F M ) Duj — Roadside pools, Emmet 
and Presque Isle, Ackley (2) 

Phacub pyrum (Ehr ) Stein — Cheboygan and Emmet, Taft (29) 
*Phacu8 triquetbr (Ehr ) Duj — Ots^ 

*TRACHBiiOMOHAS CREBEA Kellicott — Charlevoix and Otsego 
Tkacbelomonab hibpida (Perty) Stein — Emmet and Presque Isle, 
Taft (29) 

’^Trachelomonab xtrceouata Stokes — Otsego 
*Trachblomonas voLVociNA Ehr — Otsego , 

CHLOROPHYCEAE 

VOLVOCALES 

*Cartbrza CORDIFORUIB (Carter) Diesing — Cheboygan and Emmet 
Plbodorina GALiFORMiGA Shaw — Emmet, Dolley (13) 



32 


Alton H. QuaiafBon 

TETRARP0RALE8 

"'Apioctbtib Brauniana Nftg var liitbarib Rabenh — In several 
collectionB from Carp River, Emmet, always m association with 
the species 

Individuals of the species were larger than those usually found 
elsewhere, the colonies frequently exceeding 800 microns m length 
Abterogoccus LiMNBTicuB G M Smith — Emmet and Presque 
Isle, Ackley (2) 

Abterococcub buperbub (Cienk ) Scherffel — Found frequently in 
collections from Cheboygan, Emmet, and Charlevoix, reported 
rare by Ackley (2) 

PhjAKATOTHRix VIRIDI8 (Snow) Pnntz Cheboygan and Emmet, 
Taft (29) 

Glosocybtib ampla KOtz — Cheboygan and Emmet, Taft (29) 
Globocybtib LiMNBTiGUB G M Smith — Emmet, Ackloy (2) 
Gloeocystis vesiculosa Nkg — Cheboygan and Emmet, Aok- 
ley (2) 

Sphaebocystis Schroetehi Chodat — Common m plankton of 
ponds and lakes m Cheboygan and Emmet, Ackley (2) 
Tetraspoba oelatinoba (Vaucb } Desvaux — Cheboygan, Emmet, 
Charlevoix, Otsego, and Presque Isle, Ackley (2) 

ULOTRICHALES 

Aphanocbaete vermicvloidbb WoUe — Cheboygan, Taylor (30) 
Chaetosphaeridium qiajbobuu (Nordst) Klebahn — Cheboygan 
and Emmet, Ackley (2) 

Dbapabnaldia oloherata (Vauch ) Ag — Cheboygan, Ackley (2) 
Microthaunion Kuetzinoianum NI^ — Cheboygan, Taft (29) 
Radiofiluh conjvmctivuu Schmidle — Cheboygan, Taft (29) 
Sticbococcus bacillabis Nftg — Cheboygan, Ackley (2) 

CHL0R0C0CCALE8 

ANKUTBODSBinra falcatus (Corda) Ralfs var uraABmia (W and 
G S West) G 8 West — Emmet, Taylor (30) 
ANUBTRODEBiniB BPiRAUB (Tumer) Lemm — Cheboygan and Em- 
met, Ackley (2) 

Cbaracium AMBiouim Herman — Cheboygan and Presque lele, 
Ackley (2) 
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Characium btipitatum (Bachm ) Willc — Cheboygan, Ackley (2) 
Chlohella vui GAKiB Bcyennck — Emmet and Ots(*go , Ackley (2) 
CHLonococctJM INFUBIONUM (Schrank) Menegh — OtHego, Ack- 
ley (2) 

*roEi ASTiiUM flPECiosuM (Wollp) Brunnthaler — Cheboygan 
Ckttctgenia ApicuiATA (lA'iiim ) Sohmidlp — Emmet and OtBcgo, 
Taft (29) 

Crttcigenu quadrata Morren — Cheboygan, Ackley (2) 
Franceia Duokschkri (Lemm ) G M Smith — Presque We, 
'Faft (29) 

Golenkinia raoiata Chodat — Emmet and Otsego, Taft (29) 
*LAOEnnLiMiA quadribeta (I^emm ) G M Smith - Emmet 
Nephkocytium UMNKiKDM G M Smith — Emmet, Ackley (2) 
Pediabtriim biradiatum Meyen — Chebovgan, Ackley (2) 
ScENEDEBMTJS ABtJNUANB (Kirchiior) Chodat -- ('hcboygan, Emmet, 
OtBcgo, Ackley (2) 

Scenedebmub acuminatub (l^agerh ) Clnxlal — Emmet, Ack- 
ley (2) 

ScKNi-DEBMUB AcviiFOHMis Schroeder — Emmet, Taft (29) 
Scenedebmub arcuatub I^emm — Emmet , Ackley (2) 
Scenedebmub QtiADRiCAUDA (Turp ) Breb ^ ar maximub W and 
G S West — Cheboygan and Emmet, Taft (29) 

Scenedebmub quaduicauda (Turp ) Bieb vai quadrispina (Cho- 
dat) G M Smith — Cheboygan and Emmet, Ackley (2) 
Selbnastrum MiNUiUM (Nkg ) Collins --Cheboygan, Ackley (2) 
SouASTitUM AMKRicANUM (Bohliu) Sfhmidle — Cheboygan and 
Charlevoix, Taft (29) 

Tethaedron enorme (Ralfs) Hansg — Cheboygan, Taft (29) 
*Tbtraedkon trigonum (Nag ) Hansg — Presque Isle 
Tetrabtrumhbterocanthum (Nordstedt) Chodat — Emmet, Ahl- 
strom and Tiffany (4) 

Trochiscia obtuba (Remsch) Hansg — Cheboygan and Presque 
Isle, Aekloy (2) * 

Trochibcia uETicuLARia (Romsch) Hansg — Cheboygan, Ark- 
ley (2) 

Wbstelui botryoideb (W West) do Wildeman — Cheboygan and 
Emmet, Ackley (2) 

Williams Gollbgb 
W lLLlAMBTOWN, MASBACHeSOtTS 
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THE ATLANTIC^ COASTAL PLAIN ELEMENT 
IN THE FLORA OF KALAMAZOO 
COUNTY, MICHIGAN 

CLAUENCE U HANES 

T IIp] AllantK Count al Plain npcMies of plants are pnmanh ro- 
stnrleH U) tlio (oustal plain from NewfouTidland to Florida 
Several, howtver, are found in hmit(>d art»as in central New York 
and along the shores of Lake Eru , in the southeastoni part of 
Michigan and in the Grand Rapids n'gion, and especiallv neai the 
southern end of Luki' Michigan in aouthwesU'rn Michigan and 
northern Indiana It is around thf southern end of Lake Michigan 
that the\ occur m the greatest profusion 

The purpose of this papcM is not to c*xplain how oi why the plants 
have come to be m these* inland locations, but to priwnt a ucord of 
those found in Kalamazoo C(mnt^ and to give their distribution 
It IS a local ti(‘atmc‘nt intended to make the matenal acccwible to 
anyone who may in the futuie wish to devote further stud\ to plants 
of this type 

It should not be out of place, however, to state that in several 
papers dc'aling with the subject evidence has been brought forth to 
show that the route of migration was along the Hudson-Mofiawk 
Valley, then along the Great Lakes, and finally across Michigan by 
the Grand River Valley All this inland penetration oecurred, of 
enurse, when the lakes and strc'ams had confines much different 
from the present onc's Rec*ent diseovenes of the Atlantic Coastal 
Plain element in Wisconsin, Minnesota, and Icjwa have Ic'd some 
botanists to believe that more of these species came up from the 
south than had previously been supposed 

In oui county these plants are found mainly on the sandy or muddy 
shores of small lakes and in ponds and marshes or on their borders 
A few grow in wet woodlands and st'veral on sandy uplands Echt- 
nochloa Waliertt the only one that oei urs along or near the Kalamazoo 
River, grows also on stn'am bordem elsewhere m the county 

37 
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These species are restnet^ m great part to the southwest quarter 
of Kalamazoo County In this area are two zones, in each of which 
there is a congestion of this type of flora Zone 1 compnses the 
townships of Schoolcraft and Portage, the western sections of Brady 
and Pavihon townships, and White Lake, near the southern boundary 
of Kalamazoo Township Austin Lake is the nucleus of this zone 
Zone 2 is composed of Praine Ronde and Texas townships and a part 
of Oshtemo Township, v^ith Eagle Lake as its nucleus Now and 
then one or more plants of this class have been collected in scattered 
locations outside these two zones Stony Lake, in Ross Township, 
which IS the northeastern township of tlie county, is an exception, 
since at least nine spec les grow in the neighborhood of this l^e 

The list of plants of this type given by Peattie in Rhodora ‘ has 
been used as a guide in sclectmg those of Kalamazoo County that 
belong to the gioup Several others have been added, since their 
distribution apjiears to place them without question in this class 
There is some doubt, however, about the following five species, 
namely EUocharts pauctjlora var Femokfu, Rhexta vtrgtmca, 
Monardo punctata var vtUtcauhSy Melampyrum hneare var laitfoltum^ 
and Utnculana cornuta The fact that these five plants which occur 
on the coast are found in Indiana only m the northern or northwestern 
part and in Kalamazoo County only m the two zones mentioned has 
led me to include them m this group 

Specimens of all the species given in the followmg list have been 
collected during the past eight yeara by Mrs Florence N Hanes and 
the writer and are deposited m our herbanum Many duplicates 
have been distnbuted in various herbana in the United States 
The order of locations in the list shows the relative abundance of 
the species collected 


List of Species 

WoODWAUDiA viRQiMicA (L ) Sm — Usually on the border of blue- 
berry swamps m Schoolcraft, Portage, and Praine Ronde town- 
ships One station outside the restneted area is in Section 8, 
Chmax Township 

Najas GRACiiiLtUA (A Br ) Morong — Infrequent m Eagle and 
Pretty lakes Abundant m 1938 m Bonnie Castle Lake 

> Peattie, B* C , '*The Atlantic Coastal Plain Element m the Flora of the 
Great Ukea,” Rhodora, 24 86-88 1922. 
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Btxpa avunacba L — On woodod knolls near Sugarloaf^ Dustin, 
and Goose lakes, Section 17, Oshtemo Township Outside the 
restncted area Spring Brook in Richland Township 

Panicum MERiDiONALB Ashe — In marshes near West and Austin 
lakes, Eagle Lake, White Lake 

Panicum albsmarlense Ashe — Shores of Austin and West lakes, 
Stony Lake 

Echinochloa Wauteri (Pursh) Heller — Along Flowerfield Creik, 
Praine Ronde Township, and th(‘ outJet of Barton Lake, also 
along the Kalamasoo River both east and north of Kalamazoo 

Hsmicarpba micrantha (Valil) Britt — On the sandy shores of 
Eagle, Pretty, Crooked, and Pine Island lakes, all in Texas 
Township, Bonnie Castle Lake in Oshtemo Township, West 
and Austin lakes in Portage Township, and Pickerel Lake in 
Pavilion Township 

Fuirena pumila Torr — Shores of Eagle, ('rooked, Pine Island, and 
Weeds lakes in Texas Township, ICast Lake in Pavilion Township, 
and Stony Lake in Ross Township The species extends across 
the county, making jumps of several miles between stations 

SciRPUB DEBiLiB Pursh var Williambii Fern — Shores of EagU, 
Pine Island, and Bonnie Castle lakes In 1937 this species was 
found at Pretty Lake in several inches of water 

SczRFUB Smithii Gray — Shores of Weeds and Pickerel lakes and 
on the east side of Austin I^ke 

Eleocharis EQuiBETOiDEB (Ell ) Torr — In shallow water at White 
Lake In the shallow water of Mud Luke, Portage Township, it 
covers several acres 

Eleocharib quadranqulata (Michx ) R & S var crabsiou Ferti 
— Near the southeast shore of Pickerel I^ke Here it grows in 
one foot or more of water, but after several dry seasons it thn\ ( s 
m the mud 

Eleocharib Robbinbii Oakes — In shallow water or in mud in 
marshes west and southwest of West Lake 

Eleocharib melanocarfa Torr — On the east and tlio southeast 
dioros of Austin Lake, Bonme Castle and Pretty lakes Fre- 
quent m several stations around Eagle Lake It was first collected 
at Austin Lake m 1934 and was dent to H R Svenson for con- 
firmation in 1937 This sedge has recently been collected by 
C W Basum in several localities near Grand Rapids 
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PeatUc UBes E melanocarpa as an example of the species which 
make the jump from the coast to the southern end of Lake Michi- 
gan in Indiana without being found at any intermediat^e points ^ 
These Kalamazoo County and Grand Rapids reports supply at 
least two intermediate stations 

Eleocharib bobtbllata Torr — In wet marshes around Sugarloaf, 
Bourne Castle, and Pawpaw lakes it is abundant Outside the 
restricted zones it is found near Lyon and Three Lakes and at 
Cold Spnngs, Alamo Township 

Eleocharis pavciflora (Lightf ) Link var Fernaldii Svenson — 
In marly soil near the shore of Pawpaw Lake 

FlMBRlBTYLlS AUTUMNALIB (L ) II &S var MUCRONULATA (Michx ) 
Fern — Shores of Eagle, Harnson, White, Weeds, West, Austin, 
Pickerel, Dustin, and Stony lakes 

Pbilocarya BciRPOiDEB Torr —Shores of Eagle and Stony lakes, 
marsh near West Lake, marsh bordering Mud Lake, Texas 
Township 

Rhynghobpora macrostachya Torr — In marshes west and south- 
west of West Lake, ** Island” marsh near the village of School- 
craft, Weeds, Mud, Eagle, and Crooked lakes, all in Texas 
Township On the eastern shore of Crooked Lake it is abundant 
in shallow water over an area of several acre<s 

Rhynchospora fubca (L ) Alt f — The only station known to us 
18 m a swamp west of West Lake, where it grows abundantly in 
sphagnum 

Carex Howei Mack — In moist woods, often in water Two 
stations near Goose Lake, Schoolcraft Township, Section 32, 
Prame Ronde Township 

Carex Richii (Fern ) Mack — Grows in large clumps in a swamp 
on the north boundary of Section 12 and on the south boundary 
of Section 1, Schoolcraft Township Also one mile north of this 
station on the north boundary of Section 1 

Carex Lokgii Mack — In open or thinly wooded swamps Two 
stations each m Portage, Schoolcraft, and Pavilion townships 
We have collected it m Flowerfield Township, St Joseph Ckiunty, 
and F W Rapp has found it in two locahties m Brady Town- 
ship 

Carex albolutbbcenb Schwein — In thm low woodlands Section 
• Peattie, ep cUtPp 60-00 
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33, Portae Township, Section 1, Schoolcraft Township F W 
Rapp has found it in Section 31, Brady Township, and we have 
a collection from Portage Lake, St Joseph County 

Cauilx alata Torr — In open swamps Throe stations in Portage 
Townslup, Section 32, Brady Township, and Section 22, School- 
craft Township 

Carex Emmonbii Dewey — In poplar or blueberry swamps mainly 
in the n]ien It is abundant northeast of Goosc' Lake and near 
the Jenkinson School in Brady Township It occurs also in 
Texas, Prairie Rondc, and Pavilion townships 

Peltandua virqinica (L) Kunth — Lakes or crocks in Port-age, 
Schoolcraft, and Brady townships 

Xyuis caholiniana Walt — In swamps and on the boggy borders 
of lakes Near West, Austin, and Thrall lakes, I^e Fevre Bog in 
Section 8, C’limax Township We have collect-ed this species at 
Pleasant Lake, Barry County 

Xyhis tort\ Sm — In damp sandy soil on or near the shores of 
Eagle, Pretty, and Pine Island lakes 

JuNcus Greenei Oakes & Tutkerm — On sandy lake shores East 
shore of Austin Lake and south sliore of Eagle Lake 

JuNCUB BALTICUS Wllld Var UTTORAUB Ellgclm f DIBSITIFLOKUB 
Engelm — On sandy lake shores and borders of swamps Shores 
of Eagle, Pretty, and Austin lakes Border of swamp east of 
Sugarloaf Lake 

JuNCUS PE1.0CA11FUB E Mey — On lake borders and in swamps 
Boiders of Eagle, Austin, Pickerel, Bonnie Castle, and Stony 
lakes, swamp east of Gourdneck Lake 

JuNCUB BciRPOiDES I/am — Abundant on the sand dunes on the east 
shore of Austin Lake 

JuNcus BIFLORUB Ell — Near the bank of Vicksburg Creek, south 
of Vicksburg, in low thinly wooded meadow in Section 18, Texas 
Township We have also collected this species two miles north of 
Sturgis, in St Joseph County 

Quebcub PRINOIDEB Wllld — Frequent in the sandy parts of Portage, 
Texas, and Oshtemo townships, along roadsides, in thickets, and 
sometimes m fields 

Drosera intermedia Hayne — Near West and Pickerel lakes, on 
the south Hide of Pine Island Lake, in Le Fevre Bog, Section 8, 
Climax Towndup 
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Lupinus PSBBNNT8 L — Sandy soil of Portage, Pavilion, Texas, 
Kalamasoo, and Oshtemo townships 

Linum striatum Walt — On the moist north and south shores of 
Bonnie Castle Lake 

PoLYOALA CRUCUTA L — In scmimoist soil southwest of West Lake 
and west of Pine Island Lake in Section 18, Texas Township 
Very rare at the latter station 

Lbchea minor L — In sandy soil east of Sugarloaf Lake and near 
the south shore of Eagle Lake 

Lbohea Leogettii Bntt & Holl var moniliformis (Bickn ) 
Hodgdon — Sand dunes on the east shore of Austin I^ake, where 
it IB plentiful 

Rotala ramosioh (L ) Koehne var typjca Fern & Gnsc — Makeii 
an abundant growth on marshes which have recently been burnt 
over Marsh southwest of West Lake, swamp east of Gourd* 
neck Lake, ditch south of Hogset Ijake, Thrall and Eagle 
lakes 

Rhexia vmoiNiCA L — Sandy bordcni of Eagle and Pine Island 
lak(^ Very scarce 

Hydrocotyle umbellata L — On creek and lake borders At 
Eagle, Austin, East, White, Sugarloaf, Woods, and Crooked 
lakes, south of Butterfield Lake in Ross Township, near Flower- 
field Creek m Section 20, Praine Ronde Township 

Stachyb htssopifolia Michx — Sandy soil near the shores of 
Eagle, White, West, Sugarloaf, Austin, Stony, and Gourdneck 
lakes; borders of several marshes in Prairie Ronde and Texas 
townships Sandy fields in Section 17, Oshtemo Township, and 
Section 32, Portage Township 

Monarda punctata L var villigaulib P6nnell — Texas, Portage, 
and Oshtemo townships On the east side of the county it is 
found west of Stony Lake 

Lxnaria canadensis (L ) Dumont — Frequent in the west part of 
the county near Sugarloaf and Hampton lakes, in Section 7, 
Oshtemo Township, and m Section 23, Alamo Township Also 
west of Sprmg Brook m Cooper Township 

Gbrardxa purpurea L — On sandy lake shores Austm and Duck 
lakes. 

Melamptrum linsare Lam var latifouum (Muhl) Beauv — 
Sandy soil east of Sugarloaf Ijoke m Section 4, Schoolcraft 
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Township, and in Serf ion 35, Praine Rondo Township Near 
Austin and Goose lakes 

UTBICUI4ARIA QiBBA L — Muddy borders of lakes and creeks Of 
the thirteen locations known to us in the county all are in the 
restricted area, with the exception of two, which arc at Stony 
Lake, Ross Township, and in Le Fe\ re Bog in Section 8, Climax 
Township 

Utricvlaria purpurba Walt — The only station known to us is at 
White Lake, Kalamasoo Township, where it grows in 12 to 18 
inches of water 

Utricularia rebupinata B D Greene — In shallow water on the 
borders of Austin, Pickerel, White, Eagle, and Pretty lakes 
Change of water level affects its abundance 
Utricularia cornuta Michx — On the marshy border of Mud 
Lake, north of Sugarloaf Lake, near the east shore of Pawpaw 
Lake Scarce at both locations We have collected this species 
at Pleasant Lake, Barry County 

Bidens DiscoiDEA (TAG) Bntt — In a swampy thicket one mile 
northeast of Vicksburg m the northwest quarter of Section 8, 
Brady Township 

Kalamasoo County has sixteen townships, with a total land and 
water area of 675 square miles The frequency of the 54 Atlantic 
Coastal Plain species listed is as follows m the various townships 
Portage, 38, Texas, 32, Schoolcraft, 20, Oshtemo, 15, Pnvihon, 13, 
Praine Bonde, 10, Brady, 0, Ross, 9, Kalamazoo, 9, of which eight 
are near White Lake, Climax, 4, Alamo, 3, Cooper, 2, Richland, 2, 
Comstock, 1, Charleston, 0, and Wakeshma, 0 

SCHOOLCRAfT, MlCBlOAN 




LICHENS IN AND NEAR THE OLYMPIC 
NATIONAL PARK, WASHINGTON* 

JOYCE HEDUICK 

T he HpofimenH upon which this report is based were collect^ 
by A H Smith, of the University of Michigan, m September 
and October of 1935 and during April, May, and June of 1939 They 
numlicr over 600 The present papoi consists of a list of 146 species 
and subspecies based on 466 specimens, which have been deposited 
in the Herbarium of the University of Michigan 

The collecting was done iti and near the Olympic National Park, 
Washington The mam region covered extends frpm Port Angeles to 
Lake Crescent, along the southern shore of Lake Crescent, Storm 
King Mountain, then south to Deer Lake and east to Boulder Peak 
and Olympic Hot Springs, along the Elwha lliver and up the trail 
along Hurricane Ridge to Stci'ple Peak and Obstniction Point 
Other specimens were found farther west m the stati', along the 
Pyscht River, at Cape Flattery, around I-ake Ozette, along the Hoh 
River, and south to the Clearwater River 

Incidental collections were made at elevations ranging from sea 
level to 2,500 feet Special care was taken to collect on the rock 
exposures m the higher ele^atlons Intensive collecting was done 
on Storm King Mountain, up to 4,500 feet, and on Boulder Peak at 
an elevation of 6,000 to 7,000 feet Elevations less than 2,500 feet 
are not given in the hst 

Lists and descriptions of lichens from Washington have been 
published by Tuckerman (1866, 1883, 1884), Mtiller (1889), Meriill 
(1908, 1909, 1910, 1911, 1913, 1914), Fmk (1919), and Mognusson 
(1932) More extensive work has been done by Herre (1917) in a 
paper based on the lichens of Whatcom County and by Howard 
(1^7) in a report of her collections throughout the state Howard 
lists 283 species and subspecies and observes that no really exhaus* 
tive collecting was done in any one region 

* Fs.pers from the Herbarium of the University of Michigan 
45 
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So far as 1 have been able to ascertain, the 18 species and 4 

subspecies marked with an astensk (*) in this account have not been 

previously reported from the state of Washington 

List of Species 

PYKBNUnACBAE 

Pyrenula laevigata (Pers) Ach — On alder, Cape Flattery, 
1890a, 1895 

Pyrenula nitida (Weig ) Arh - - On alder, Cape Flattery, 13151 

OALICICACEAE 

*CALicnJM CuRTisii Tuck — On conifer trees and pitch of fir, Deer 
Lake Trail, 14314, 14316 

•Calicium trachelinum Ach — On decorticate trees and logs, 
Humcane Ridge, 2364, 2371, Lake Angeles, 14647 

CoNiocYBE FURFURACBA (L ) Ach — On rocks at base of tree, Lake 
Crescent, 2281, 2284, 11136 

CYFIIELIACEAB 

Cyphelxum iNQUiNANB (J E Smith) Trevis — On old stumps. 
Storm King Mountain, 2275 

•Cyphbuum vbntriculosum (Mtill Arg ) Zahlbr — On old stump, 
Lake Crescent, 2253 


SPHAEllOFHOKACBAE 

Sphabrophorus globosub (Huds ) Vatnio — On old logs and fallen 
trees, Olympic Hoi Bpnngs, 1965, 1996, 2003, 2121, Lake 
Crescent, 1833, 1956, 2263, 2282, Elwha River, 2304; Boulder 
Lake Trail at 4,500 ft , 13816 

ARTllONtACEAB 

Arthonia excedenb Nyl — On alder, Cape Flattery, 

Arthonia RADiATA (Pcrs ) Ach — On bark, Pysoht River, 1919a* 

GRAPHIDACEAE 

Opbgrapha varu Pers — On twigs of tree, Capo Flattery, 13781| 
13786 
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Graphib scripta (L) Ach — On alder, Cape Flattery, 1906a, 
Pyscht River, 1914, Olympic Hot SpnngH, 2149, Holi River, 
13367, 13369, 13373 

Gr^phib scripta var serpentina (Ach ) Meyer — On alder, 
Pyscht River, 1916, Hoh River, 13374 

THELOTREMACE \h 

Trelotrema lepadinum Aeli — On alder, Ohmpie Hot Spnngs, 
1993 

mPLOBCHlfilAOf 

Diplobchibteb BCRUPOsim (Sehri'b ) Norm — On hm Storm King 
Mountain at 3,500 ft , 2231, 2255 


COLLFMAC EAE 

Leptootvm palmatum (Huds) Mont On moss, Hoh Ui\er, 
13361 


PANNARUCEAE 


Parmeuelia lepidiota (Sommerf ) Vainio — On bark, Olympic 
Hot Springs, 1979, Deer Lake Trail, 13413 

•ParmelielIiA corallinoideb (Hoffm ) Zalilbr — • At base of tree, 
Lake Crescent, 13836 

Pannaria oranatina (Sommerf ) T Fries * On rock, talus sloix*, 
Olympic Hot Springs, 2102, Storm King Mountain at 4,000 ft , 
2212 

Pannaria pezizoideb (Weberi) Trev is — On soil, Boulder Peak at 
6,000 ft , 2741, on moss, Deer Lake Trail at 3,500 ft , 14329 

•Pannaria leucobticta Tuck — On rot'ks, Olympic Hot Spniigs, 
1991, 1997, 2154 

Pboroma hypnorcm (Vahl ) S F Gray — Over moss and debris, 
Olympic Hot Springs at 3,500 4,000 ft , 1908, 2120, Steeple 
Peak at 5,000 ft , 2323 


btictacsae 

Lobaria orbqana (Tuck) MOII Arg — Over rocks, Deer Lake 
Trail, 13342 

Lobaria folmonaru (L ) Hoffm — On trees, Olympic Hot Springs, 
1995, 20001, 2004; Hoh Raver, 13235 
Sticta antrrabpib Ach — On alder, Cape Flattery, 13127 
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PSLTIGERACRAE 

SOLORINA CROCBA (L ) Ach — Oil soil and moss, Boulder Peak at 
6,000 ft , 2918 

Nephroma rebupinatum (L) Ach — On alder, Olympic Hot 
Sprini;^, 2109, Cape Flattery, 13125, 1312G 

Peltiqera APUTH08A (L ) Willd — On old Iors, debris, soil, and 
humus, Lake Crescent, 1830, 2214, 2245, 2247, Olympic Hot 
Springs, 1980, Boulder Peak at 6,000 ft , 2iX)4, Deer Lake Trail, 
13346 

Peltiqera venoba (L ) Baumg — On soil, Lake Crescent, 2273 

Peltiqera polvdactyla (Neck ) HoiTm — Over old 1 rec and log, 
Olympic Hot Springs, 2122, ClearwaU'r River, 13272, KaJaloch, 
13324 

Peltiqera boutata (Dicks ) Duby — On alder, Cape Flattery, 
1894 

Peltioera CANiNA (L ) WiUd — On d^bns, soil, old logs, and moss, 
Olympic Hot Springs, 1984, Steeple Peak at 5,(KX) ft , 2317, 
2318, 2324, Kalaloch, 12071, 12076, Hoh River, 13357 

Peltiqera canina var membranacea (Ach ) Duby — On old logs, 
over soil and moss, Clearwater Rivw, 13278, Kalaloch, 13326, 
13327, 13329, Lake Oaette, 13744 

lecideaceae 

^Lecidea VERNALifl (L ) Ach — On twigs, rotten wood, and over 
moss, Olympic Hot Springs, 1987, 2127, 2129, 2166, Steeple 
Peak at 6,000 ft , 2314, Boulder Peak at 6,000 ft , 2908 

Lecidsa cinnabarina F4e — On bark, fallen trees, and old stump, 
Olympic Hot Springs at 4,000 ft, 2006, Hurricane Ridge at 
5,600 ft , 2360a, 2386, 2387, Cape Flattery, 13792, Boulder Lake 
Trail, 13819a 

Lecidea cabnulenta (Tuck) Fink — On bark, Olympic Hot 
Springs, 1972, 1976, 1992, on old wood, Humcane Ridge at 
5,600 ft , 2380, Crystal Ridge, 14991 

Lecidea granuloba (Hoffm) Ach — On old and burned wood, 
over soil and d4bns. Storm King Mountom at 3,500 ft , 2214, 
2233, Steeple Peak at 6,000 ft, 2322, 2328, 2329, Humcane 
Ridge at 6,500 ft , 2367, 2372, 2370, 2389, Boulder Peak at 
5,50(^6,000 ft, 2916, 2021 
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*Lbcidea melancbbima Tuck — On old wood, Humcane Ridge at 
5,600 ft , 2383, 2300, 14863 

Lbcidea fdbcebcenb Sommerf — On trees. Hurricane Ridge at 
5,500 ft , 2360, 2417 

Lecidea enteboleuca Ach — On rocks. Steeple Peak at 5,300 
ft , 2342, Humcane Ridge at 6,000 ft , 2410, 2418a 
Lecioea platycarpa Ach — On rocks, talus slope, Olympic Hot 
Springs at 3,500 ft , 1066, 1080, 1002, 2087, 2002, 2160, Hum- 
cane Ridge at 6,600 ft , 2384a, 2302, Boulder Peak at 5,500 6,000 
ft , 2730, 2730, 2861, 2888, 2801, 2896, 2902 
Lecidea dapicida Ach — On roc'ks, talus 8lo]x;, Olympic Hot 
Springs, 2134, Storm King Mountain at 3,500 ft , 2241, 2243a, 
Steeple Peak at 5,300 ft , 2341, Boulder Peak at 5,600-6,000 ft , 
2721, 2722, 2731, 2736, 2856a, 2866 
Lecidea albocaerulebcenb var fdavocaehulebcenb Schaer — 
On rocks and talus slope and along stream, Olympic Hot Springs, 
2112, 2124, Storm King Mountain at 4,300 ft , 2267, Boulder 
Peak at 5,500 ft , 2860, 2863b, 2871 
Lecidea atkobrunnea (Ram ) Schaer — On rocks, Storm King 
Mountain at 3,800 ft , 2249, 2250 

Lecidea tobcoatua (L ) Ach — On rocks. Storm King Mountain 
at 3,500-4,000 ft , 2221, 2232, 2237, 2252, 2257, 2266, 2270, 
Humcane Ridge at 6,000 ft , !^09a, Boulder Peak at 5,500 ft , 
2862, 2803a, 2875, 2882, 2804, 2904 
Pbora ostreata Hoffm -- On old wood, Olympic Hot Springs, 1994 
*Nbbolechia viTELLiNARiA (Nyl ) Rohm — On the thallus of 
Candelanelia vtteUina, Boulder Peak at 6,000 ft , 2726 
MreoBLABTUB BANaTiiNARiUB (L ) Noim — On bark. Lake Crescent, 
1951, 2280, Olympic Hot Springs, 1958, Elwha River, 2308, 
2310, Boulder Peak at 5,600 ft , 2005, Kalaloch, 13011, Bouldei 
Lake Tnul, 13810a, Ciystal Ridge, 14980, 140W 
Myooblabtub alpinub (E Fnes) Kemst — On bark and old 
stumps, Olympic Hot Springs, 1969, 1971, 1083, 1086, Lake 
Crescent, 2240, Humcane Ridge at 5,500 ft , 2365, 2422, 2433, 
Deer Lake Trail, 14313 

Catillabu tbioolor (With ) T Fnes — On bark, Elwha River, 
2306 

*Catillabia franoiboana (Tuck ) Herre — On rocks. Storm King 
Mountam at 8,800-4,000 ft , 2^0, 2277 
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*Bacidia FLAVovuibBCBNB (Dicks) Auzi — On d6bnB, Storm King 
Mountain at 4,000 ft , 2213 

Lopadittm p£ 2 izoii>mM (Ach ) Koerb — On alder, Olympic Hot 
SpnngH at 3,500 ft , 1967, 1978, 2130, 2137 

*Rhizocahpon oKDEBi (Web ) Koerb — On rocks, talus slope, 
Olympic Hot Spnngs, 2086 

Uhizocarpon petrakum (Wulf) Mass — On locks, Storm King 
Mountain at 3,500 ft , 2216, 2254 

Rhizocarpon pbnichrum (Tuck ) Merrill — On bark. Lake Cres- 
cent, 2253a, 13983, on old slump, Storm King Mountain at 3,000 
ft , 2229, 2260, 2272 

Rhizocarpon llcanohinlm (Koerb ) Anders — On rocks, talus 
slope, Ol>mpic Hot Spnngs, 2008 

Rhizocarpon gkographicum (L) Lam & DC — On rocks, talus 
slope, Olympic Hot Springs, 2081, Steeple Peak at 5,300 ft, 
2334, Hurricane Ridge, 2399, 2428, 2432, 2434, Boulder Peak at 
5,500 ft , 2853, 2856, 2859, 2868, 2877, 2879 

Rhizocarpon oidai bum (Tuck ) Fink — On old tree, Lake Cres- 
cent, 2276 

CLADONlACEAE 

PiLOPUORus CEREOLua (Ach ) T Fnes — On rocks, Lake Crescent, 
1837, Olympic Hot Spnngs at 3,600-4,000 ft , 1976, Deer Lake 
Trail, 13340 

Clai>onia rangifekina (L ) Web — Among and o\er mossy rocks, 
talus slope, Olympic Hot Springs, 2085, 2111, 2118, 2131, 2151 

Clauonia bylvatica (L ) HofFm — Over rocks, base of talus slope, 
Olympic Hot Spnngs, 2079a 

Cladonia macilenta Hoffm — On old log and stump, Cape Flat- 
teny, 1892, 1896, Lake Crejscent, 1952, 1954 

Cladokia bkludiflora (Ach ) Scliaer — On soil and old logs, 
talus slope, Olympic Hot Springs, 1981, 2132, Boulder Peak at 
6,600 ft , 2911, 2960, Kalaloch, 13161, Hoh River, 13637 

CiAi>ONU beludiflora var coccocefhala (Ach ) Vainio — Over 
and among rocks, along stream, Olympic Hot Spnngs, 2116, 
Hurncane Ridge at 5,500 ft , 2381 

Cladonia unciaub (L ) Hoffm — On d6bns, Storm King Mountain 
at 4,000 ft , 2215 

Cladonia fubcata (Huds) Schrad — On soil and d4bns, Lake 
Crescent, 1832; Storm King Mountain at 3,800 ft , 11130 
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Cladonia rtJBCATA var racemosa (Hoffm ) Flocrke — On soil, 
Lake Close ent, 1831, 11131, 11132, Storm King Mountain at 
3,000 ft , 2271, Huh Rivor, 13(>44 

Cladonia fttrcata var pinnata (Flotiko) Vaimo - On soil, 
Storm King Mountain at 3,000 ft , 2223, Hoh Ri\cr, 13640, 
near trail, Lake Crescont, 13840 

•Cladonia kur(ata \ar se ABUttisctii a (IM ) Vainio — On ex- 
posed soil, Lake CVeseeiit, 1831 

Cladonia fuucata var p^l^maka (Aeh) Nvl — On debris and 
over rocks, Storm King Mountain at 3,000 ft , 2227, at lake edge, 
Lake Crease out, 13837 

Cladonia squamosa (Scop) Hoffm — Among loiks, talus slo|)e, 
Oljmpic Hot Spnngs, 2106 

Cladonia squamosa var dlniicoliis (Hoffm ) Flocrke — On soil, 
Boulder Ptak at 5,500 ft , 2022, 2024 

Cladonia subsquamosa (Nyl ) Vaimu On old logs and d^^bris, 
Lake (hescent, 1953, 2256, (VcHceiit Beach, 2076, 2981, Kala- 
loch, 13164, Hoh Hivct abo\e Jackson Guard Station, 13382, 
Iloh River, 13636 

Cladonia rPNOTFA (A(*h) Schaer — On old log, Crescent Beach, 
2974 

Cladonia cariosa (Ach ) Spreng — On soil, Stc'c'ple Pcuik at 5,(X)0 
ft , 2321 

Cladonia gracilis (L ) WilJd “ On soil, Boulder Peak at 6,000 ft , 
2907 

Cladonia gracilis vai lcmocvna (Ac h ) Scuba — On scjil, Steeple 
Peak at Obstruction Point Hoad, 2.115, Hurncane Ridge at 
6,500 ft , 2374, Boulder Peak at 6,000 ft , 2906, Oystnl Ridge, 
14985 

Cladonia gracilis f antiiocephala Floeike — On soil, Staple 
Peak at Obstruction Point Road, 2316, Hurncont llidge at 
6,500 ft, 2359, 2373, 2375, 2378, Boulder Peak at 5,500 ft, 
2913 

Cladonia gracilis var dilatata (Hoffm) Vainio —On soil, 
Hurncane Ridge at 6,500 ft , 2361, 2362 

Cladonia gracilis var ohordalib (FloerkcO Schaer — On soil and 
among rocks, base* of talus slope, Olympic Hot Spnngs, 2079, 
2080, Bogachiel Ridge at 6,600 ft , 2719, Boulder Peak at 6,000 
ft , 2916 
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*Claik>nia QRACiLis vaT A8FERA Floorke — On soil, Boulder Peak 
at 6,000 ft , 2923 

*Cladonia oraciub var elongata (Jacq ) E Fnes — Over mossy 
rocks, talus slope, Olympic Hot Springs, 2117 
Cladonia OBACILESCEN8 (Floerko) Vamio — On cedar stump, 
Olympic Hot Springs, 1998 

Cladokia pyxidata (L) Hoffm — On sod. Hurricane Ridge at 
6,500 ft , 2370, Storm King Mountain, 14275 
Cladonia pyxidata \ar chlorophaka (Ach ) Hot — On soil and 
debris, Olympic Hot Springs, 2139, Lake Crescent, 11133 
Cladonia vehticiliata var crrvicornis (Ach ) Flot — On soil, 
talus slope, Olympic Hot Spnngs, 2142 
Cladonia pimbruta var simplex (Weiss ) Flot — On thin soil over 
rocks, Lake Crescent, 1835 

Cladonia fimbriata var bobulata (L ) Vainio — On soil over old 
logs, Humcane Ridge at 5,500 ft , 2420 
Cladonia fimbriata var coniocraea (Floerke) Vaimo — On old 
log, Hurricane Ridge at 5,500 ft , 11134 
Cladonia fimbriata var ochrochloua (Floerke) Vainio — On old 
log and d4bris, Capc' Flattery, 1888, talus slope, Olympic Hot 
Spnngs, 2135, 2138 

•Cladonia cianipeb (Sommerf ) Vamio — On soil over wood, Hur- 
ncane Ridge at 5,500 ft , 2368 

Cladonia cauneola (Ach ) Spreng — On d4bns, Storm King Moun- 
tain at 3,000 ft , 2228 

Cladonia carneola var prolifera Flot — On rotten wood, Hur- 
ncane Ridge at 5,500 ft , 2363 

Sterbocattlon paschall var conglomeratvm E Fnes — On soil 
over rocks, Storm King Mountain at 3,500 ft , 2238 
Sterbocaulon tomentobum E Fnes — Over rocks along stream, 
Olympic Hot Springs, 2105, 2108, 2113, 2133, on d^bns, Storm 
King Mountain at 3,500 ft , 2262, on dry sandy soil, Hoh River 
bank above Jackson Guard Station, 13412 
Sterbocaulon tomentobum var simplex Riddle — Over rocks, 
Storm King Mountain, 14273 

UMBILICARIACEAE 

Umbilicaria hypohborba Ach —On rocks, Hurncane Ridge at 
6,000 ft , 2395, 2401 , Boulder Peak at 6,000 ft , 2912 
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Umbilicaria brobobcidea (L) Schrad — On rocks, Humcane 
Ridge at 6,000 ft , 2307a, Boulder Peak at 6,000 ft , 2867, 2887 

acakosboraceae 

*Biatorella resinae (E Fries) T Fries — On wounds of conifer 
tree, Deer Lake Trail, 14315, 14310, on d^bns over rocks, 
Crystal Ridge, 14003 

pkrtusariaceae 

Pertusaria MumpuNCTTA (Tum ) Nyl — On alder, Olympic Hot 
Springs, 2125 

^Pertusaria vblata (Turn ) Nyl ~ On fallen hemlock, Lake 
Ozette, 13433 

lecanoraceae 

Lecanoba gibboba (Ach) Nyl — On rocks, Hurricane Ridge at 

6.500 ft , 2427, Boulder Peak at 6,000 ft , 2876 

Le< anora laevata (Ach ) Nyl — On rocks along stream, Olympic 
Hot Springs, 2147 

Lecanora ciNEREA (L ) Rohling — On rocks, Storm King Moun- 
tain at 3,000-3,800 ft , 2218, 2243, 2282, SU*eple Peak at 5,300 ft , 
2335, 2337, 2338, 2340, Humcane Ridge at 6,000 ft , 2410a, 
2418, 2419, 2434a, Boulder Peak at 5,500 ft , 2874 

*Lecanoba olaucomela Tuck — On alder, Olympic Hot Spnngs, 
2146, Deer Lake, 13414, 14328 

Lecanoba alpina Sommerf — On rocks, Storm King Mountain at 

3.500 ft , 2230 

Lecanoba bubfusca (L) Ach — On alder, Pyscht River, 1913, 
1920, Olympic Hot Spnngs, 2158 

Lbcanoha bubfusca var argentata Ach — On alder, Hoh River, 
13360, 13362a, 13370 

Lecanoba pacifiga Tuck — On trees, Lake Crescent, 1949, 13833, 
13854, 14385, Cape Flattery, 13139 

Lecanoba polttropa (Ehrh ) Babenh — On rocks, talus slope, Olym- 
pic Hot Spnngs, 2090, Storm King Mountain at 4,000 ft , 2242, 
Steeple Peak at 5,000 ft , 2312, 2313, Humcane Ridge at 6,000 ft , 
2393, 2404, 2406, 2414, Boulder Peak at 5,500 ft , 2738, 2886 

Lecanoba polytropa var alpioena (Ach ) Rabenh — On rocks. 
Steeple Peak at 5,000 ft , 2327, Humcane Ridge at 6,000 ft , 
2408, Boulder Peak at 5,500 ft , 2890 
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Lecanoka polytkopa \ar illusobia (Aoh ) Leight — On rocks, 
Humcauc Ridge at 5,500 ft , 2369, 2384 

Lecanora rupicoi-a (L ) Zahlbr — On rocks, Hurncane Ridge at 
6,0(K} ft , 2396, 2405, 2408, 24(H), 2415, Boulder Peak at 6,000 ft , 
2733 

Lecanora ueliua (L ) Ach — On locks, Lake Croscent, 1836, 
Storm King Mountain at 3,500 3,800 ft , 2251, 14994a, Boulder 
Peak at 5,500 ft , 2885 

OCHUOLECHIA TARr\KKA (L ) Mass — Oil old log and treci?, Lake 
CVescent, 1955, 224b, Elwha River, 2307, 2309, Kalaloch, 
13011a, Bouldei Lake Trail at 4,500-6,600 ft, 13805, 13819, 
Ciystal Ridge, 14988 

OcHROLECuiA PALLLfiCENS (L ) Muss — Oil trocs, Pyscht River, 
1909, 1911, Olympic Hot Spnngs, 2136, 2140, 2157, Cape 
Flattery, 13146, Hoh River, 13362, 13365, 13367 

OcHUOLECUiA PALLFSCENS \ ar HosFT LA Tuck — On trees, Olympic 
Hot Springs, at 2,500 4,000 ft , 1964, 1973, 1985, 2002 

OcHKOLECliiA UPSALIBNBTS (L ) Mass — Oil d6bn8, Boulder Peak at 
6,000 ft , 2910, Storm King Mountain at 4,(K)0 ft , 11137 

IcMADOPHtLA ERiCLTORUM (L ) Zahlbr — On old wood, 1-ake Cres^ 
cent, 1838, 2069, 13841, Olympic Hot Springs, 1962, Oil City, 
13103 

Candelariella vitbllina (Ehrh ) Moll Arg — On rocks, Storm 
King Mountain at 3,500 3,800 ft , 2219, 2230, 14994 

parmeliaceae 

Parhelia physodes var enteromorpha Tuck — On trees, Cape 
Jlattcry, 1904, Olympic Hot Springs at 2,6(X)-3,000 ft, 1963, 
Boulder Lake Trail at 6,500 ft , 13804 

Parhelia pm'flODEB var viit^ta Ach — On trees, Olympic Hot 
Springs, 13802 

Parhelia perttua (Schrank ) Schaer — On trees, Pyscht River, 
1908, 1912, Olympic Hot Springs, 2107, Hurncane Ridge at 
6,600 ft , 2416 

Parhelia pbblata (L) Aeh — On trees. Capo Flattery, 1891, 
1893, Boulder Peak at 5,500 ft , 2919 

Parhelia saxatilis (L ) Aeh — On rocks, Boulder Peak at 6,600 
ft , 2872 

Parhelu sulcata Tayl — On rocks, Olympic Hot Spnngs, 2156 
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*Parmkua colpodks (Ach ) Nyl - On tieen, Olvnipit Hot Springs, 
1974, 1975, Hurncano Ridge at 5,500 ft, 2ii7b, 2385, 2391, 
Crystal Ridgo, 14984 

Cetuauia OLA oca (L ) Ach — On trt'os, Bouldei Lake Trail at 

6.500 ft , 13803, 13804 

Cltkauia plat^ph'vjia Turk — On trees, Crj^stal Ridge, 1'1981 
Cetraria islandica (L) Ach — On tree's, Hurruam Ridge at 

5.500 ft , 2358, Cr\Rtal Ridge, 14980 

•Ceirabia TiUBTia (Web) E Fries — On rocks, Hurricane Ridge 
at 6,000 ft , 2394, 2397, 2400, 2102 

UBNI- \<'l!iAE 

*ALErroRiA DiVERGFNB (Arh ) Nyl — On roc ks, Hurric ane Ridge at 
6,000 ft , 2401a 

Algctoria implexa (Hotfm ) Rohhng — On trees, Hurnrane Ridge 
at 5,500 ft , 2377, 2421 

Alec^’oria barmlntoha Arh — On trees, Olympic Hot Spnngs at 
2,500^,000 ft , 1970, Elwha Rnc'r, 2305, Hurnc'aiic Ridge at 

5,500 ft , 2377a, 2421a, Kalaloch, 13152, Crystal Ridge, 14982, 
14983 

Ramalina farinacea (L) Ach On (itvs, f a|>e Flattery, 1889a, 
1902, 13130, 13132, 13148 

UsNGA FLORIDA (L ) Web — Oil tiers, (^ape Flatteiy, 1897a, 1900, 
1902a, 13124, 13150 

UflNEA PLiCATA (L ) Wcb — Ou trees, Capt Flattc'ry, 1897 
UsNEA BARBATA (Iv ) Wigg — On trees, Cape Flatteiy, 1889, 1897b, 
1899 

Thamnolia vermicui aiub (Swartz) Schaei On debris and soil. 
Storm King Mountain at 3,800 ft , 2211, Boulder Peak at 6,000 
ft , 2914, 2920 

caloplacaceae 

Caloplaca cerina (Ehrh ) T Fries — On twig;. Lake Crescent, 
14360 

Caloplaca ferruginea (Huds ) T Fnes On trees, Cape Flat- 
tery, 1890, 1901, 13142, Lake Crescent, 13832 

TELOBCHIBTACEAE 

TEix>scHiaTBS CANDELARiuB (L ) Fink — On alder, Cape Flattery, 
13149 
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BITBUJACKAE 

Buellia parasbma (Ach ) Denot — On alder, Pyscht River, 1917, 
1918, 1919, 1921, Hoh River, 13363 
Btjbi lia badioatba (Floerke) Koerb — On rocks, talus slope, 
Olympic Hot Springs, 2101, Storm King Mountain at 3,500 ft , 
2225, Boulder Peak at 5,500 ft , 2863, 2895 
Buellia pafillata (Sommerf ) Tuck — On soil. Steeple Peak at 
5,500 ft , 2325 

Rinodina hallti Tuck — On alder, Capo Flattery, 1905, 13138, 
13141 

UNrnDRaiTY or Michigan 
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NEW AND UNUSUAL AGARICIIS FROM 
MICHIGAN III* 


ALEXANDER H SMITH 

D uring lato Axigust and early September, 1940, heavy rainfall 
and moderately cool weather brought out a very luxuriant 
agaric flora in the vicinity of Ann Arbor Fleshy forms were particu- 
larly abundant The number of species of Tncholoma which ap- 
peared was greater than that seen duniig any previous season I had 
spent in Michigan Rpecies of Eiitoloma were also plentiful Ento- 
lama prunuloides was found in seveial localities in such quantity that 
one could have collected a truck load of it had he so desired Tnch(h 
loma resplendena, T aejunetum, and T iransmuUim occurred every- 
where throughout one large oak woods and wvre common in several 
other localities The fleshier lignicolous species were no more fre- 
quent than usual 

Cntical studies of nine species of Tncholoma, two of Lepiota, 
and one of Armillana are included in this account The Gollections 
cit-ed have been deposited in the University of Michigan Herbarium 
All color terms witlun quotation marks are taken from R Ridgway, 
Color Standards and Color Nomendaluret Washington, D C , 1912 

List of Specikb 

AuMinLARiA Ambhobii Bres — Pileus 1 3 5 cm broad, convex oi 
with a slight umbo, Bomctimes obtusely conic, surface dry and 
densely covered by small granulosc warts or scales or by a more 
or less even powdery covenng (when the scafes have been worn 
down or broken), surface even or slightly radially nigose, color 
white to whitish, becoming " cartridge-buff” at times, margin 
beautifully appendiculate with Bubmembranous patches of the 
broken veil, the outer side of these patches bearing small powdery 
scales similar to those on the pilous, flesh white, thick on the disc, 
* Papers from the Herbarium of the University of Miohigan 
W 
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thin toward the margin, firnif dry, lamellae* close (35-39 reach 
the stipe), broad (3 mm =b), slightly but sharply adnoxed, white, 
edges crenulatc, stipe 6-7 cm long, 2 5-3 mm thick, equal 
above a base enlarge^l by adhering white mycelium and d^bns, 
mcr(*asingly granuloso-scaly up to the apical submembranous 
annulus, white and silky above, glabresctnt and merely faintly 
powdery in ago, stuffed, concolorous with the pileus at all stages, 
annulus with powdery scales on under side, upper surface silky, 
spores 4-5 X 3 p, hyaline, ellipsoid, smooth, amyloid, basidia 
four-spored, pleurocystidia and chcilocystidia not differentiat^ed, 
gill trama homogeneous, nearly hyaline in iodine (basidia yellow) , 
pileus trama homogeneous beneath a surface layer of globose thin- 
wal ed hyaline cells 20-35 p thick, all parts yellowish in iodine or 
remaining neoily hyaline 

Gregarious under pine, Ogemaw Forest, Midland, Sept 25, 
1938 (11091) 

I have found this species but once, and was then inclined to 
regard it as an albino form of Armtllana rugoea-reiictdata If, 
however, one adheres to the prmciplc of using color to separate 
species ill this group, Brcsadola’s sfiecies should also be recogmzed 
On such a basis li is very close to the Europc^an Cyatoderma char-- 
chanas or Lep^ota charchartaa, depending upon which name is 
preferred, but differs in lieing white Both have amyloid spores, 
a character also possessed by the spc^cimens of A rugoao-reticulaia 
in the University of Miclugan Herbarium 
Lepiota cystuhosa, sp nov (Pis I-II) — Pileus (2) 3-9 cm latus, 
comrus vel c^nvexus, demum umbonatus vel planus, siccus, 
pulveraceo-squamulosus vel granulosus, pallidus, demum ahi- 
taceuH, lamellae coufertae, latac*, albid^ demum alutaceae, 
stipes 4-8 cm longus, 3-7 cm crassus, aequalis vel subbulbosus, 
dense pulvcnilentus, sporae 4-4 5 X 25 p, pleurocystidia et 
cheilocystidia mmilia, 25-42 X 12^ 7 p, distinctissima Speci- 
men typicum legit A H South n 15268, prope Ann Arbor, Mich , 
Sept 9, 1940, m Herb Univ Mich conservatum 

Pileus (2) 3-9 cm broad, obtusely conic to convex when young, 
becoming broadly convex to plane in age or occasionally remain- 
ing umbonate, the margin Bometimea undulated or wavy, surface 
dry, at first covered by conic powdery varts from the disc to the 
margin, soon becoming merely gronulose to pulverulent as the 
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warts break up, not truly scaly, the warts or powdery debris 
“pinkish buff” to “pale pinkish buff,” the white flesh showing 
until late matunty, eventually somewhat brow'nish buff over all 
or “wood-brown,” occasionally nearly glabrous in age, margin 
at first delicately appendiculate with soft powdery masses of 
veil tissue which soon fall off, flesh soft and dr\', white, slowly 
changing to sordid buff (not reddish) when cut or bruised, odor 
sharp but faint and easily overlooked, taste bittc^nsh, lamellae 
free but almost touching the sti|)e, broad (8*12 mm ), broadest 
at the stipe and tapenng evenly to the margin, veiy dose but 
distinct, 2 3 tiers of short individuals, pure white at first, soon 
cream-color and becoming “wood-brown” (dull brown) like the 
pileus, often stained dark sordid brown and in decaying pilc^i 
occasionally dark purple-brown overall, Htii>e 4*8 cm long, 3*7 
mm thick, equal or the base slightly bulbous, hollow, rather 
fragile, context silky, surface over lowi»r three fourths cov- 
ered by dense powdery masses of \c‘il tissue (up to the pow- 
dery zone left by tlie broken veil), silky over the upper portion, 
annulus seldom formed or soon evanescent, veil remnants con- 
colorous with the powdery covering of the pileus, whitish be- 
neath but in age generally “wood-brown” like the cap, spores 
4-4 5 X 25 Ml clhpsoid or the base slightly truncate, hyaline*, 
smooth, pale yellowish to tawny-brown in iodine, basidia four- 
spored, pleurotybtidia abundant, usually fusoid with acute apices 
or ventricose-subcapitate, the head 3-5 m in diameter, in watc'r 
mounts usually with a slight incrustation and a highly refractive 
globular content (probably of oil droplets), 25-42 X 7-12 m (or 
20-30 X 8-12 M in saccate individuals) , gill trama homogeneous, 
nearly hyaline m iodine, pileus trama homogeneous benoatli 
a surfaiC>e covenng of inflated, thin-walled cells 15-40 m thick, 
which are tinged pale cmnamoii in lodme-chloralhydrate solu- 
tion • 

Scattered on muck soil under a dense growth of Impatiens, 
Ann Arbor, Sept 9, 1940 (15268) My first collection of this 
species was made on Sept 23, 1931, at Cascade Glen, Ann Arbor 
Since that time until 1940 1 had searched in vain for enough 
material to study cntically Collection 15268 consisted of two 
market baskets full of fruiting bodies The pleurocystidia were a 
constant character in No 15268, as well as in No 15217, from 
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Milford, Aug 30, and in No 16263, from Cascade Qlon, Ann 
Arbor, Sept 6, 1940 

I was at first inclined to place my collections m Lepioia Heitertt 
but Kfihner (1), who has published an account of that species, 
does not mention any pleurocystidia in his rather detailed de- 
scription of the microscopu characters In addition to this, there 
appears to be a difference in habitat, size, and color change My 
specimens were in perfect condition, but did not show any 
tendency to stain red m any part until decay had set in, at which 
time the gills became spotted by very dark sordid purplish spots 
and finally tunied purplish overall Smith and Hosier (4) col- 
lected a fungus m the Gi'eat Smoky Mountains National Park 
which did show the color change to red when bruised and which 
has scattered plcurocystidia We placed these specimens m L 
rvSeseem liecause of their resemblance to Lange's (2) figures and 
liecause his description covcrcMi our specimens very well Lange 
described the cystidia as being on the gill edge Because pleuro- 
cystidia were rate m our specimens it appeared to me that Lange 
had probably overlooked them It must be remembered that 
he was under the impression that pleuroeystidia were not present 
in any of the Lepiotai', and therefore hxs data on this point cannot 
be given much weight KUhner (1) has included several species 
with distinctive pleuroeystidia in his treatment of the genus for 
France Both Kuhuer and Lange compare L rvjescenn to L 
rosea Rea and apparently regard L rvfescens as varying con- 
siderably toward the rose or red color This is not true for 
L cysitdtosa If the L rufescens of Lange does have pleuro- 
eystidia, then It and L Heiten are very likely distinct, but 
L cysttdwsa would still be distmct from either Consequently it 
IS described here as a now species 

Lepiota xosaotiactai sp nov — Pileus 2 5-3 cm latus, obtusus vol 
subconvexuB, siccus, roseo-fibnllosus, tactu aurantius et demum 
fuscuB, lamellae confertae, latae, albidae vei incamato-tinctae, 
non maculosae; stipes 3-4 cm longus, 4-^6 mm crassus, sub- 
clavatuB vel anguste fusiformis, cavus, albidus, tactu aurantuis 
et demum fuscus, sporae 7-10 X 4-5 m Specimen typicum 
legit A H Smith n 15327, prope Ann Arbor, Mich , Sept 13, 
1040, inHerb Umv Mich conservatum 

Pileus 2 5-6 cm broad, convex or with a flattened disc, surface 
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dry, appreBsed-fibnllose, disc “deep Cormtluan red,” the mar- 
ginal area streaked with ”Connthian pmk” fibrils (deep to light 
pinkish-vinaccous), the ground color white, the fibrils arranged 
m appressed fascicles near the margin, not scaly, surface quickly 
staining bnght orange when bruised, portions soon becoming 
blackish, flesh thin, white, soft, unchanging, odor none, taste 
mild, lamellae close to crowded, moderately bioad, fri'c, reaching 
the stipe (but tending to become remote m age), 1-2 tiers of short 
individuals, not staining when bruised, white or evenly flushed 
pmk toward the margin of the pileus, edges even, siipi' 3-4 cm 
long, 4~6 mm thick at the apex, slightly clavatc-bulbous but 
tapered to a long point Ix'low (almost fusiform m one), hollow, 
fragile, white within, surface white and delicately white-tomentose 
above and below the median white membranous annulus, annulus 
with scattered, pink fibrils on the under side, surface fibnls both 
above and below the annulus quickly staining mddish orange 
when bruised, the stains eventually becoming sordid brown, 
spores narrowly subovoid, with an oblique apiculus and a some- 
what pointed apex, 7-10 X 4 5 smooth, turning rusty brown in 
iodine, basidia four-spored, eheilocystidia abundant, forming a 
sterile band along the edge of the gill, hyaline (in watei oi KOH), 
smooth, fusoid-ventricosi* with obtuse apues, 30 48 X 9-14 m* 
pleuro(*ystidia not differentiated, gill trama homogeneous, hya- 
line to pale yellowisli in iodine, pilcus trama homogeneous be- 
neath an 11 regular layer of more or less radially arranged hyphae 
having sordid reddish contents m KOH and measuring 8-15 m 
thick, the tissue beneath composed of hyaline hyphae of about 
the some diameter or slightly larger 
Gregarious on d4bns at the base of a basswood tree, Ann Arbor, 
Sept 13, 1940 (16327) Known only from the type collection 
In many respects this species* n>sembles L rid>rotincia Pk It 
differs markedly from that species, however,, in the very pro- 
nounced and rapid color change As in L flammeoitncla, this 
change is confined to the surface fibnls of the pileus and stipe, 
but it 16 unlike that species m that the bruised portions darken m 
a short time and never regain their onginal color The lamellae 
ore merely flushed witli pink and do not stain or exhibit any 
distinctive color change L roseoHneta reminds one a lot of 
Agancue diminuJtwus in its colors and the fibnllose surface' covo 
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ing of tho pileu8p Among the European Hpecios L BvhliiioraliB 
Klihnor ih apparently close, but larks tho sinking color change 
Tiucholom\ ahomaticitm Murr (PI III) — Pilous 3-7 cm broad, 
obtuse with an inrolled margin when young, plane or umbonate 
m age , umbo obtuse, surface dry and unpolished, appearing 
glabrous to tho naked eye and matted-fibnllose under a hand lens 
(10 X), color evenly ^Milleul-buff " (pallid) or slightly darker 
(color nol well mate bed in R), sometimes the margin *Milleul- 
buff ” and the disc darker grayish buflF, surface occasionally pitted 
or with brownish glabrous spots, flesh thick, fiim, bnttle, whitish, 
unchanging, odor and taste both strongly fannaceoiis, lamellae 
crowd(»d and narrow (5 7 mm at the base, which w the broadest 
point), rath(*r sharply adnexini, 3 4 tiers of short individuals, 
coloi evonlv ‘^artndge-buflf” (pale sordid vellowish buff at 
maturi1v)» near “ tilleul-biiff*' when young but slightly paler 
than the pileus, <»dgeH slightly erenulate at times and even (not 
eroded), stipe cm long, 9-13 mm thick, equal or a bit en- 
larged at the base, solid but becoming hollow, firm whitish and 
eoat>ed witli aiipressed fibnls up to the almost cottony-pruinosc 
aiH'X, somewhat glabreseent where handlfsd, veil not present, 
spores 4-5 5 X 25 3 ellqisoid, smooth, hyaline, not amyloid, 
gill trama homogt'iieous, of narrow parallel hvphae, yellowish 
in iodine, pileus tiama homogeneous, surface hyphae slightly 
narrower than the n»st, all parts yellowish m iodine 

Greganous under oak and aspen, La Badic Jjake, near New 
Hudson, Oakland Co , Sept 23, 1940 (15440) 

The very small sponw arc the most outstanding feature of this 
s]>ecies which can be dearly set forth m a description, but the 
fungus has a very striking appearance m spite of its pale colors 
The veiy' pale buff cap and yellowish gills both have a glaucous 
sheen not soon forgotten 

Its relationships arc difficult to establish In some respects 
the species resembles T auVphurmm^ but the small spores and 
farinaceous odor are not in line with the members of that group 
The appearance of the pileus reminds one of T aceyhum or 
T impoUiumt but it has more of a sheen than either T Ge&rffii 
has the small spores, according to liicken (3), but is smooth and 
glabrous T aHheUum sensu Rea is apparently very close Bea 
desenbes the spores as 5-6 X 3 m specimens were not scaly 
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in any sense of the word The very thin appressed-pottony 
covenng over the entire stipe is an outstanding feature not men- 
tioned in descnptions of European speeies Toward the apex of 
the stipe this layer becomes thinner and frequent Iv breaks up, 
giving the impression of a soft pruinosc coating 

The specimens of No 15440 have only a slight pungent odor in 
the dried condition, and no odoi is now present in the ty|)e It 
thus appears that m this mstonre the choice of thr s]xm ific name 
was most unfortunate 1 did not find the s^iores of the tvin* meas- 
uring more than 5 5 long, 4 5 X 25 was the usual size in my 
collection 

TRicnoi^oMA cuNaiFOLiUM (Fi ) Gillet — Pileus (1) 2 5 5 cm 
broad, obtusely conic when young, soon convex or with lui obtuse 
conic umbo, sometimes broadly campanulatc, margin inrolUxi at 
first, surface moist and hygiophanous, evt'iily “fuscous” (dark 
to pale cinereous), the disc often remaining darker, atomate when 
fadcxl, not stnate at any stage, surface often having a hoary 
sheen whcni moist, flesh thick under the disc (3) b-S mm , ta- 
pered abruptly toward the margin, very fragile and bnttlo, 
pale gra3nBh, becoming pallid, unchanging, odor and taste fari- 
naceous, lamellae close (46-52 reac'h the atiptOi 2-3 tiers of sliort 
mdividuals, broad and decidedly ventneose at maturity (up to 
1 cm broad), adnexed, whitish to pale gray, edges even or 
eroded, stipe 3-8 cm long, 3 8 mm thick, equal or narrowed at 
the base, solid, white Ixith inside and out, glabrous, unchanging 
when cut or bniised, fleshy and very battle, spores 5 -fi X 3 
narrowly ellipsoid, smooth, not amyloid, hasidia four-spored, 
cheilocystidia and pleuroi ystidia not differentiated, gill trama 
subparallel, yellowish to hyalmc in iodine, pileus trama composed 
of a palisade of more or less upnght pear-shaped cells 32-60 
X 9-^ M and with dull fuscous brown walls when revived in 
KOH, tramal body of hyaline hyphae which turned yellowish in 
iodine 

Single to greganous on nch humus, 1940 Ann Arbor, Sept 6 
(16261), Sept 11 (15649), Sept 13 (15351), Sharron Hoi- 
low, Sept 14 (15369), Ann Arbor, Sept 16 (15416), La Badie 
Lake, New Hudson, Oakland Co , Sept 23 (15445) and Sept 24 
(15459) 

Most of the collections consisiGd of only one or two small 
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fruiting bodies, but all were saved because of the interesting 
nurroscopic characters The species was widely distnbuted 
about Ann Arbor during the season of 1940, but was certainly 
not abundant I had almost despaired of finding sufficient 
material for a critical study It has a superficial resemblance to 
Collyhxa kymenocephala in color and m the anatomy of the pileus 
The amyloid reaction of the spon^^ of C hymenocephala at 
once distinguishes dned material, and the stature readily sepa- 
rates fresh specimens My collections have been compared with 
specimens of T cunetfoltum sc'iit by M Josserand, Lyon, France, 
and appear to be the same I^arge fruiting bodices diy a darker 
gray than the Hpccimens from France, which were smaller than 
most of mine My smallest specimens, however, dried paler than 
the larger ones and an' similar in color to those from Josserand 
The farinaceous odor and taste separate large specimens from 
T atrocinereum 

Tricholoma faluax (Pk ) Sacc — Pileus (0 6) 1-^3 cm broad, very 
broadly convex to obtusely umbonate and with an incurved 
margin when young, expanding to plane and frequently develop- 
ing a recurved margin, the umbo usually disappearing, glabrous, 
moist, lubricous, and soft, ^^ochraceous orange*^ to **ochrBceous 
tawny” when moist, fading to “light orange-yellow” and appear- 
ing somewhat canescent when faded, hygrophanous to subhy- 
grophanous, glabrous, no veil remnants seen, flesh moderately 
thick under the disc and tapenng abruptly toward the margin, 
soft, near “old gold” ^hen moist, pale yellowish when faded 
(often concolonms with the surface when moist), odor none, taste 
mild, lamellae crowded, 24-27 reach the stipe, 3 tiers of short 
individuals, narrow to moderately broad (2-2 5 mm ), broadest 
at the base and usually sharply adnexed, evenly “hght orange- 
yellow” when young but developing a whitish pruinose sheen 
(probably from the spores), edges even, stipe 2-8 5 cm long, 
3-4 mm thick, usually enlarged toward the apex, base incon- 
spicuously fibnllosc, coated with appressed yellowish fibrils 
oveiall but somewhat glabrescent m age, concolorous with the 
lamellae above, darker sordid yellowish below, solid but develop- 
ing a tubule; spores 3-4 X 2 5 hyaline, elhpsoid, smooth, not 
amyloid, basidia four-spored, 18-20 X cheilocystidm and 

pleurocystidia not differentiated, gill trama homogeneous, cells 
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with ydlow contents in water mounts of fresh material, yellowish 
in iodine, pilcus trama homogeneous beneath a palisade of 
clavate to pear-shaped cells 18-'25 X 8-10 fi, which have thin 
walls and bright yellow contents, the hyphae of the tramal body 
also with yellow contents, all parts yellowish in iodine 

In arcs on humus under oak, Milford, August 30, 1940 (15214) 
The description was drawn from tins collection 1 found the 
fungus twice in Oakland County during August, 1937, and have 
collected it under conifers in Nova Scotia, Ontario, northern 
Michigan, Washington, Oregon, and Cahfomia Kauffman col- 
lected it in New York 

Througli the kmdness of Dr H D Housi^ New York state 
botanist, I have been able to study the microscopic characters of 
Peck’s type The pileus is corticated by a palisade of cells as 
desenbed above, and the other characters also check with those 
given in the description above Kauffman left three collections 
identified as T fallax two from the Adiiondacks and one from 
Cqlorado In the collection dated September 7, 1914, from the 
Adirondacks, the pileus is perfectly homogeneous, m the other 
from this locality, dated September 9, 1914, the pilei are corti- 
cated The habitat of the second collection is not recorded, 
that of the first is given as *'imder spruce and balsam " The 
third collection, made in 1920, consists of fruiting bodies with 
homogeneous pilei It is evident from Kauffman’s New York 
material that both species look just about alike, and very likely 
they grow in tlie same habitats Habitat must be ruled out as 
a chstinguiahing character here bccausi' I have found typical 
T fallax m forests of both types 

The discovery that T fallax belongs m the subgenus Dermo- 
loma and that a second species exists which has the some appear- 
ance bnngs up the problem of a name for the second one and 
raises the question whether T fallax occurs in* Europe Lange 
has desenb^ two species of this general type, but has not clasafied 
either one in Dermoloma Consequently the vahdity of his use 
of the name T fallax must now be checked before it can be 
accepted A study of the dned specimens would quickly settle 
this question The name to be used for the species with the 
homogeneous pileuB remains a problem and involves the names 
T cennum, T, pBeitdoflammvJa, and T dirysenUrum 
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Mumll changed the specific name of Peck’s species and made 
the combination Melanolmca naucona because of the existence of 
Agancue faUax Lasch, pubhshed before Peck’s name Both 
apphed to species of Tncholoma Lasch’s species, however, was 
referred to T. umtdee by Fries, and the combination 7* faiUax 
(Lasch) was apparently not published Saccardo publidied the 
combination T faUax (Pk ), thus validatmg Peck’s name m the 
genus Tncholoma 

Tticholoma huxonensei sp nov (Pis IV-V) — Pileus 6-9 (12) cm 
latus, obtusus, demum subumbonatus vel planus, siccus, fibnl- 
losus demum cmcreo-squamosus, caro albida, lamellae confertae, 
angustae demum Binuatae,sordidealbidae, stipes 4-8 cm longus, 

1- 2 cm crasBUS, clavatus, sohdus, albidus, dcorsum cinereo- 
squamulosus, sursum albido-fibnllosus et rubro-guttulatus, sporae 
7-9 X 6-6 M Specimen typicum legit A H Smith n 15303, 
prope Ann Arbor, Mich , Sept 11, 1940, m Herb Univ Mich 
conservatum 

Fileus 6-9(12) cm broad, gibbous when young or evenly 
obtusely come with an incurved margin, becoming convex and 
finally plane or with a low obtuse umbo, surface dry and fibnllose, 
"drab-gray” to "pale smoke-gray” when young (pale to moder- 
ately dark cinereous), the fibnllose gray cuticle soon beconung 
broken up mto appressed drab spotlike scales around the disc, 
the white flesh showmg through along the margm, margin at 
maturity or m age often appeanng white streaked with gray 
fibrils, or with appressed-fibriUose patches, the margin slightly 
fringed and somewhat cottony but no cortina visible on buttons 
as small as 3-6 mm , often beaded with drops of a clear pmk 
fluid or streaked pinkish along the margm m either young or old 
pdei, flesh thick and white, not changmg color when cut or 
bruised, odor and taste both distinctly fannaceous, lamellae close 
to crowded (96-116 reach the stipe), adnexed, rather narrow, equal 
(4-8 nun ), 2-3 tiers of short individuals, dull white (more cream- 
color than the flesh), edges shghtly eroded, not staimng when 
bruised or broken and not discoloring appreciably in drying, 
stipe 4-8 cm long, 1-2 cm thick at the apex, solid, davate and 

2- 4 cm thick at ^e base, flediy, white witil^, surface whitish 
but covered over the lower portion by appressed-fibnllose scales 
similar to those on the pileus, scales very pale when young but 
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darkening m age, silky toward the apex, often beaded with 
hyaline or pinkish drops of fluid or with pinkish streaks, base 
Bometiines stained ochre-yellow, but no such color change evident 
when cut or bruised, spores smooth, ellipsoid, 7-6 X 5-f) /x, not 
amyloid, basidia four-spored, cheilocystidia 28 39 X 6-12 /x, 
saccate to somewhat fusoid-ventncose, when revived m KOH 
slightly yellowish as seen in mass on the gill edge, gill trama 
and pileus trama both yellowish m iodine and homogeneous 
Greganous iAy caespitose m arcs in oak woods, Ann Arbor, 
Sept 11, 1940 (16303) 

A truck load of this spec les could have boon collcc ti'd in one 
locahty on September 11 It was found in smaller amounts in 
many other local areas during the season of 1940, and the reddish 
drops of hquid were always present The yellowish stains at the 
base of the stipe, however, were not constant The strong fari- 
naceous odor and taste, pale gray color, scaly cap, rather broad 
spores, and red drops distinguish it from all other species 
No cortina was observed on any of the numerous young pilei 
The scales on the stipe are apparently formed by the surface 
fibrils becoming aggregated into patches The fibnllose layer 
covenng the surface of the stipe is of a very loose texture The 
scales darken in age m much the same manner as those on the 
stipes of fruiting bodies of Hygrophorus tepkroleucus Specimens 
in which this color change does not take place, and in which 
the color of the pileus has faded, arc almost indistinguishable 
from T venenata The gills of the latter, however, become 
brownish in age T huronenae is most closely related to the spe- 
cies in the T terreum group 

Trlchotoma luteomaculosum, sp nov, (PI VI) — Pileus 4-10 cm 
latus, obtusuB demum late convexus vel subplanus, siccus, fibnl- 
losus vel squamulosus, saepe nmosus, caeruleo-gnseus vel ob- 
scure oinereuB, caro tactu luteo-maculata, lamellae confertae, 
latae, smuatae, saepe lutoscens, acie saepe cmerescens, stipes 
4-^ cm longus, 1-2 cm crassus, aequahs, farctus demum cavus, 
pallidus, tactu luteo-maoulosua, sporae 5 5-7 X 4-5 m Speci- 
men typicum legit A H South, n 15447, propo Ann Arbor, 
Mich , &pt 27, 1940, in Herb Univ Mich oonservatum 
Pileus 4-10 cm broad, obtuse when young, becoming broadly 
convex or nearly plane at matunty, the margin sometimes ele- 
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vated and wavy^ often cracking or nplitting radially to the disc, 
surface dry, glabrous to minutely fibnllose near the margin or 
with very small appressed or slightly recurved scales over the 
marginal area, disc appcanng glabrous but somewhat streaked 
and, under a lens, innately fibnllose, occasionally the disc also 
with very minute blackish scales, color Quaker-drab” to “pallid 
mouse-gray” (dark to light bluish gray), disc darker than the 
margin but not blackish gray, flef^ thick, bnttle, grayish to 
drab in the upper part, whitisti near the gills, staining pale 
greenish yellow when bruised, at times the entire cap tinged 
greenish yellow (usually in age), taste fannaceous, odor slightly 
fannaceouB, lamellae close, broad, adnexed, whitish to pale 
cinereous, staining pale greeiush yellow when bnnsed (stain very 
pronounced m fresli young specimens), edge eroded and some- 
times staining blackish, stipe 4-8 cm long, 1-2 cm thick, equal 
or the base slightly enlarged, white or tinged pale grayish, in- 
nately fibnllose, no cortina evident, stuffed but becoming hollow, 
flesh changing to yellowish green when bruised, base white- 
cottony with adticnng mycelium, spores 5 5-7 X 4-5 ju, smooth, 
ellipsoid, not amyloid, basidia four-spored, cheilocystidia 
abundant, saccate, fusoid or fusoid-ventncosc, 36-52 X 12-18 Mi 
apices obtuse or acute, pleurocystidia rare to scattered or fairly 
abundant, saccate to fia^-shaped, often ovoid above a narrowed 
pedicel, 36^ X 10-15 /i, scarcely projecting from the hymenium, 
smooth, gill trama and pileus trama both yellowish in iodine 
and homogeneous 

Greganous on humus in oak woods, Ann Arbor, Nov 4, 1036 
(6166), and Sept 27, 1040 (15447) 

The bluish gray to dull ash-gray pilci which may become slightly 
scaly, the lack of a cortina, the pronounced change in color to 
greemsh yellow when the flesh of young pilei is bruised, and the 
presence of pleurocystidia in addition to the cheilocystidia dis- 
tinguish this species 

I was at first inclined to identify my collections as T scalptiir 
ratum Fr , but m specimens of that species from M Josserand no 
pleurocystidia were found, and the cheilocystidia were scarcely 
differentiated In addition, if one goes back to the Fnesiau 
descnptions, certain discrepancies m the macroscopic characters 
are apparent T ecalpitaratum grows in gras^ places under fir m 
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the mountains, the scales of the pileus become somewhat reddish, 
and the gills are yellowish only in age or when dried These 
characters are in direct contradiction to those observed on the 
Michigan material The absence of a cortma m my specimens 
may also bo sigmfic^nt, but that is a character which might be 
very easily missed and wluch might vary from year to year 
Trichotonm michiganense, sp nov (PI VII) —-Pileus 5-9 cm 
latuB, obtusus vel convexua, demum subumbonatus, siccus, 
squarrose squamulosus vel lacerate squamulosus, atro-cinereus, 
caro alba, tactu rubescens, odore et sapore distinctissimis, 
lamellae confertae, angustae, cmereae demum palhdae, incamato- 
maculaiae, stipes 3-8 cm longus, 10-12 mm crassus, aequalis 
vel Bubaequahs, solidus, intus obscure cmereus demum ptdhdus, 
fusco-fibnllosus, cortma nulla, sporae6-7 X3-3 5/i Specimen 
typicum legit A H Smith n 15441 prope New Hudson, Oak- 
land Co , Mich , Sept 24, 1940, m Herb Univ Mich conser- 
vatum 

Pileus 5-9 cm broad, convex to obtuse, expanding to plane or 
with a low obtuse umbo, margin remaining inrolled for a long 
tune, surface dry and minutely squarrose scaly to lacerat45-8caly 
ovor the marginal area, disc with matted fibrils, color ^‘fuscous” 
to ^'hair-brown^' over the disc and on the scales, the whitish 
flesh showing through the fuscous fibnllose surface covering only 
near tlie margin, in age the surface fibrils becoming ** drab-gray," 
the flesh beneath becoming tinged with pale salmon color, flesli 
thick over the disc, firm, pallid at matunty, pale drab in very 
young individuals, becoming tinged orange-salmon color in age or 
when bruised (reaction tardy in some specimens or may not be 
evident at times), odor sunilar to that of Tnehohma aidphureum 
but fainter, taste very disagreeable and tardily subaend , lamellae 
crowded, narrow (5 mm dr), many tiers of short individuals 
present (as in Melanoleuca), rounded-adnexed, pale drab in young 
caps, slowly becoming whitish and in age stained pale sklmon 
color, edges even, stipe 3-8 cm long, 10-12 mm thick above a 
narrowly elevate base, solid, fleshy, pale drab withm at first, 
whitish in age, surface covered to the apex with "fuscous" fibnls 
which become more or less tom into lacerated scales, base sur- 
rounded by a whitidi mycehum which becomes pinkish when 
bruised, spores 6-7x3-8 5 p, eUipsoid, not amyloid, basidia 
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four-spored, cheilocystidia filamentose, rare, pleurocystidia not 
differentiated, gill trama and pileus trama both yellowish m 
iodine and homogeneous 

Scattered on muck soil or around oak stumps on nch humus, 
La Badie Lake, New Hudson, Oakland Co , Sept 23 and 24, 
1040 (15441, type, and 15465) 

One of the moat cunous features of this fungus is that, if one 
moistens a fragment of the pileus of a dried specimen and then 
crushes it between his fingers, the odor of coal tar is readily 
detected, and, m fact, is more pronounced than in the fresh 
matenal Whether this character will disappear with age 1 am 
not prepared to say, but it is unique so far as my experience with 
the genus is concerned The flesh did not change color readily 
m the specunens of collection 15465, but did so very readily m 
the other I have found occasional specimens of T onrubena 
which also did not change color readily, and 1 consider this 
tardiness to be a variation within the species 

The outatandmg characters of T mickiganenee are the drab 
colors of pilous and stipe, scaly cap, lack of a cortina (although 
the pileus may bear a frmge of fibnls along the margin), the 
color change, and the odor I exammed buttons m which the 
margin of the pileus touched the stipe, but m no case was there 
evidence of a veil The margm is incurved and the fibnls of the 
surface of the pileus merely project beyond the meurved margm 
into the gill cavity The gray fibnllose covering of the stipe 
extends up to the gills and appears to be independent of liie 
covenng of the pileus This is an unusual situation m a species 
in which both ibe pileus and the stipe are scaly and the scales 
similarly colored 

T tmehtganenae clearly belongs among the scaly species of the 
T terreum group and apparently is quite similar in appearance 
to T atroeqmmoeum Both the odor and the taste should 
separate it at once from that species even if the incarnate tint 
fails to develop T onrtAene is distinguished not only by a 
different taste and odor but also by the lack of a covering of gray 
fibnls over the stipe 

Ttkhoiom pBlttatre» sp. nov — Pdeus 4-8 (9) cm latus, late oon- 
vexus demum planus vel subdepressus, siccus vel subudus, 
gnseo-olivaceus vel ohvaceus, ad margmem luteo-ohvaoeus; 
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sapor intense acns, lamellae confertae, sinuatae, latae, paUide 
luteo^bvaceae, stipes 5-6 cm longus, 1~1 8 cm crassus, aequalis, 
farctus demum cavus, pallidus vel olivaceo-tinctue, mtus aibidus, 
sporao 5-6 X 4-5 m Specimen typicum legit A H Smith n 15471 
prope New Hudson, Mich , Sept 25, 1940, m Herb Univ Mich 
conservatum 

Pilous 4-8 (9) cm broad, very broadly convex with on mrolled 
margm when young, becoming plane at matunty or remaming 
broadly convex, occasionally shallowly depressed over the disc 
and the margin arched, surface moist to diy, appeanng matted- 
fibnllose under a lens, not sticky to the touch, color near *'ohve- 
buff ’’ (pale yellowish olive), sometimes ‘‘pale chalcedony-yellow’’ 
on the margm (very pale yellow with only a trace of green), 
more grayi^ ohve toward the disc, which is sometimes dirty 
gray to brownish gray (color persistent in dned material), the 
gray color apparently being caused by a discoloration of the 
surface fibrils, flesh thick on the disc, firm, white, grayish just 
beneath the cuticle, odor none, taste mild at first and not at all 
fannaceous, tardily becommg very sharply aend, lamellae broad 
(10-12 mm), close to crowded, rather sharply adnexed, “pale 
chalcedony-yellow” to “ohve-buff” (almost concolorous with 
the ohve-colored parts of the cap), the edges very eroded, stipe 
5-6 cm long, 1-1 8 cm thick at the apex, equflJ, firm, stuffed, 
becommg hollow, white within, the extenor wbtidi or only with 
a very faint tinge of ohve, glabrous to famtly appressed silky- 
fibnllose, not scaly, spores 5 6 X 4-5 (i, not amyloid, broadly 
ellipsoid to subglobose, smooth, basidia four-spored, cheilo- 
03 ^tidia scattered to rare, saccate and 9-12 fi broad or merely 
resembhng immature basidia, gdl trama homogeneous beneadi 
a thm scarcely differentiated pellicle of ohve-green nongelatinous 
hyphae only slightly narrower than those of the tramal body 

Scattered on humus at the edge of a bog, La Badie L^e, 
New Hudson, Sept 23 (15450), and Milfora, Sept 25, 1940 
(15471, type) 

T. pdttsfiv was found growing with T acre Pk on wet marshy 
sml at the edge of a bog It is practically identical with T. acre 
in taste, stature, and the appressed fibnis on the surface of the 
pileus. in wet weather both species may appear moist, but they 
are properly elasdfied near T virgatum The olive cdor at once 
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distiuguiflhoB T palitatre from all other species in this group. As 
in T aejunctum, the amount of gray present over the disc may 
vary greatly depending directly, of course, on the amount of 
discoloration the surface fibrils undergo 
Tricholoma subceriniimi sp nov — Pileus 3-5 cm latus, planus vel 
umbonatus, glaber, subhygrophanus, alutaceus demum avel- 
laneus, caroaquosa, lamellae confertae, adnatae vel subsinuatae, 
angustae, subcennae demum palhdc alutaceae, stipes 3-4 5 cm 
longus, 6-8 mm crassus, cavus, aequabs, impolitus; sporae 
3 5-4 X 2 /x Specimen typirum legit A H Smith n 62M, prope 
Milford, Mich , June 11, 1936, in Herb Umv Mich conservatum 

Pileus 3-5 cm broad, plane to slightly umbonate, the margin 
inrolled, glabrous, moist and watery, ^'snuiT-brown” or slightly 
paler (duU yellowish brown), subhygrophanous, fadmg slowly to 
dull or grayish avellaneous, opaque at all times, flesh soft, watery, 
Goncolorous with the pileus both when moist and when faded, 
thickish, odor none, taste slightly bittcnsh, lamellae crowded, 
adnate to sinuate, narrow, ^'cartndge-buff” when young (very 
pale yellowish buff)> m age nearly concolorous with the pileus, 
edges even, stipe 3-4 5 cm long, 6-8 mm thick, hollow, fleshy- 
tough, fibrous, equal, surface toward the apex dull or faintly 
pruinose, unpolished over the remainder, base white-myoelioid, 
not scaly m age, spores minute, 3 5-4 X 2 ellipsoid, hyaline, 
smooth, not amyloid, basidia four-spored, 14-16 X ^5 fi, 
cheilocystidia and pleurocystidia not differentiated, gill trama 
homogeneous, yellowish in iodine, pileus trama homogeneous 
beneath a pahsade layer of hyaline pear-shaped cells 15-20 X 
8-10 /<, the remainder filamentose and yellowish m iodine. 

Scattered on muck at the edge of a bog, Milford, Juno 11, 
1936 (6286) 

Although larger, this species is similar to T faUax both in 
havmg a palisade of upnght pear-shaped cells over the pileus 
and m its very minute spores It differs m its much duller colors 
and in having the stature of T melakucum From species of the 
subgenuB Melanoleuca it is at once distinguished by its smooth 
nonamyloid spores and lack of cheilocystidia 

Peck’s descnption of T Thv^inum reads very much like that 
of 7 aubeertnum The type, which has been examined, differs in 
lackiiig the paluade of upnght cells over the pileus. Through 
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the kindness of Dr H D House 1 obtained matenal for a study 
of the microscopir details The pileus was found to be homo- 
geneous, the spores smooth, minute (as Peck desenbed them), and 
not amyloid No pleurocystidia or cheilocystidia were seen The 
subhymenium was rather rusty brown when revived, but this 
may have been due to the age of the material and the way it was 
dned The basidia are very small (15-18 X 3-4 fi) 

It IB quite apparent that here we have a situation similar to 
that discovered for T fallax Two species with very much the 
same appearance differ sharply in the stnicture of the surface 
layer of the pileus 

Tricholoma venenatum Atk — Pileus (3)5-9(11) cm broad, ob- 
tuse to broadly convex when young, expanding to umbonaic or 
plane, the umbo when present broad, the margin often becoming 
arched or elevated and somewhat wavy, sometimes the margin 
furrowed in young specimens, surface dry, appressed-fibnllose 
at first, in age the fibnls becoming aggregated into apprcssfxl 
scales, the scales and fibnls becoming pale sordid brownish 
(^^ pinkish buff” to ”avellaneous”) giving the disc a pale sordid 
avellaneous sheen, flesh thick, soft, only model ately fragile, white, 
slowly changing to pale buff but no typical change evident when 
bruised or broken, odor shghtly fanuaceous when flesh is crushed, 
taste bitter and subfannaceous, lamellae rather dost' (74-80 
reach the stape), 2-3 tiers of short individuals, moderately broad 
(7 -10 mm ), broadly and sharply adnexed, usually with a de- 
current tooth, sometimes intervenose, white to cream-color at 
first, m age pale avellaneous, the edges a bit darker at times and 
usually shghtly eroded, stipe 6-10 cm long, 12-15 mm thick at 
the apex, solid or hollowed by worms, flesh white, not changing 
when cut, equal or nonowly clavaie, surface white overall, un- 
polished and obscurely fibnllose, discolonng slightly around the 
base or where handled (the appressed fibnls discolor as do those 
on the pileus), spores hyalme, ^7 X 4-5 /i, smootli, not amyloid, 
basidia four-spored, cheilocysUdia scattered to rare, saccate, 
'smooth, 25-36 X 7-10 pleurocystidia none, gill trama and 
pileus trama both yellowish m iodine and homogeneous 
Scattered to greganous under brush m wet places on a hillside, 
Cascade Qlen, Ann Arbor, D E Stunts and A H Smith, July 3, 
1940 (15171) I have collected this fungus repeatedly m this one 
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locality for over a period of years, but not until the aeason of 
1940 did it fruit m sufficient quantity to justify a cntical study 

The bittensh, somewhat farinaceous, taste has alwasrs been a 
constant character of the specimens from this locahty, as has 
been the color change to browmsh Specimens from near Milford 
which m every other respect appeared to be identical with those 
mentioned above were mild in taste Since the sum total of all 
other characters clearly points to the identity of the Ann Arbor 
speoimenB with Atkinson’s species, it seems best in this instance 
to disregard taste as a character of major taxonomic importance 
My detailed description of the bitter form of T venenaium is 
mtended to be compared with other accounts of the species and 
to aid m distinguishing between this form and T Auronenas, to 
which it appears to be closely related and with which it could be 
confused 

UNivnitsiTr or Micbigah 
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PLEISTOCENE MOSSES FROM THE AFTONIAN 
INTERGLACIAL DEPOSITS OF IOWA* 

WILLIAM CAMPBELL STEERE 
IMTROBUCnON 

M osses and liverworts occur as fossils less frequently than any 
other lar^ group of plants The most important reason for 
their rare fossihsation is their relatively dchcate and fragile structure, 
caused by the lack of hard tissues or resistant matenals m the walls 
of mdividual cells Furthermore, the plants are small and incon- 
spicuous and, consequently, extremely easy to overlook m fossil 
matenal As a result, only a few traces of the undoubtedly well- 
developed bryophyte flora of past epochs have been discovered 
The few species of bryophytes which have been reported m a 
truly fosBihsced condition (Knowlton, 1902, 1019, Dixon, 1927) date, 
without exception, from pre-Pleistocene times and occur principally 
m Tertiary deposits By far the great majonty of fossil mosses thus 
far reported date from the Pleistocene or very shortly thereafter 
and are, stnctly speaking, in only a subfossil or ^'humified” condi- 
tion Isolated fragments of leaves, branches, and stems have been 
found embedded in old nver and lake silts, and whole plants have 
been discovered tn sttu m ancient peats and forest beds 

Comparatively little importance has previously been attached to 
the study of Pleistocene mosses in this country and, as a consequence, 
few species have been reported In the glaciated parts of Europe, 
on the other hand, many accurate and sigmficant studies have been 
made The number of species of biyophytes which -have been re- 
ported from Pleistocene or post-Pleistocene deposits amounts to the 
rather surprising total of well over three hundred, of which somewhat 
less than ten per cent are hepatics (Dixon, 1927, Qams, 1932) 

In this country the majonty of Pleistocene mosses have been 
reported, not from the most recent deposits, but from the most 

• Fspen from the Department of Botany of the Umveraity of Miohigon, 
No fi22 
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ancient interglacial deposits, a bnef history of which follows (of 
Kay, 1924, 1929, Kay and Apfcl, 1928) 

After the retreat of the Nebraskan ice sheet, which, so far as is 
known, was tlie first to invade the Mississippi basin, and before the 
coming of the next or Kansan ice sheet, there was a long interglacial 
interval Evidence of this is given by the widespread occurrence in 
Iowa and neighboring states of weathered sands and gravels, old 
soils and forest beds, and layers of peat and muck, which rest upon 
the Nebraskan dnft, but/ which m turn are huned by the Kansan 
till sheet Since these ancient soils and peat beds were first discovered 
and studied near Afton, Union County, Iowa, the first known intei^ 
glacial interval, which piobably began nearly a million years ago 
and lasted over a hundred thousand years (Leverett, 1930), was 
named ^'Af toman ” Subsequent to their original discovery and 
identification Af toman deposits have been reported from nearly 
forty counties in all parts of Iowa, as well as in Missouri, Nebraska, 
South Dakota, Minnesota, Wisconsin, and Illinois The deposits 
have been uncovered in excavations and gravel pits, in road and rail* 
way cuts, and have frequently been penetrat^ by wells, but are 
only rarely exposed in nature 

One of the most characteristic features of Aftoman deposits is 
the very common occuri’ence in them of large quantities of well- 
preserved mosses As a result of earlier studies of Aftoman material 
several mosses are already known from various parts of Iowa From 
Dodge Township in Umon County (the type locality) have been re- 
ported Camptoihecium miem and DrepanocladuB fluiUina (Savage, 
1903, 1906) , from Oelwein m southern Fayette County, D fimtans 
(Beyer, 1896, Macbnde, 1896), D revoloem and CaUtergan Richard^ 
sontt (Holzinger, 1903), from Iowa City m Joluison County, D 
flmtana var glacude (Holamger, 1903), from Mud Lake, Emmet 
County, D flmUma var Jeavbemah (Grout, 1930), from Walling- 
ford in Winnebago County, Camptoihecium Woldemi (Grout, 1917) 
This last-named species is known only from this one locahty, and 
IS apparently now extinct According to Dr Grout, the species to 
which it IS most closely allied (C pmnattfidum) is not now found 
east of the Rocky Mountains 

In addition to the definite, well-authenticated records just cited 
many references to bryophytes exist m the literature concermng the 
Aftoman deposits Since they arc mentioned simply as ''mosses’* 
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or as occurnng in ‘^moss-bearing layers/’ it is impossible to deter- 
mine what species are represented (Tilton, 1910, 1911, and others) 
In the geological surveys of the various counties of Iowa reports of 
ancient soils which bear mosses occur especially frequently 

In addition to the bryophytes from deposits which arc almost 
certainly Aftomon there are reports of several species which some- 
what doubtfully belong to that horizon Under this heading come 
the Dicholyma from Bloomington, Illinois, whuh, although con- 
sidered by Dr T P James to he a new species, was not described 
as such because of its sterile condition (McGee, 1891), and Drc- 
panodadus aduiwus from Davenport, in Scott County, Iowa (Pratt, 
1876) 

An intc'resting collection of Pleistoicoc mosses was made* in 
Minneapolis, Minnesota, from which have been n^i>orted Calltergon 
gtganteum, a new species of Dn^panocladuh, D mtnnesotemiSt and 
a new genus, Neocalhergon, erected for N tnUgnfoltum (Williams, 
1930a, 1930b, Cooper and Foot, 1932) Although it is stated that 
this material came from deposits behevc^d to date from late Pleisto- 
cene, the novelty of such a large part of it arousc^s a suspicion that 
they might possibly be Af toman Leverett (1932) remarks that Af- 
tonian deposits have been found relatively close to the surface farther 
south in Minnesota He says “At several places in southeasteni 
Minnesota and neighbonng parta of Wisconsin and Iowa there arc 
soils and beds of peat and muck between till sheets, which have 
commonly refernni to the Aftonian inteiglacial stage Among the 
earliest brought to notice arc those of western Fillmore County and 
southern Mower County, Minnesota, discussed by Winchell As a 
rule the bed of muck and peat is found at the moderate depth of 
20 to 30 feet The greatest depth noted is 50 feet, the least is only 
7 feet ” “Another exposure of a peaty bed between tills is found 
m a cut on the Chicago, Rock Island & Pac'ific Railroad 2 miles 
southeast of Fairbault, Mmn Above the soil is 20 fdet of bluish 
till 

Professor C O Rosendabl, of the Umversity of Minnesota, has 
told me (tn ItU , 1939) of collecting plants in deposits of Aftoman 
age m Minnesota, and 1 have seen mosses from these collections 

Other deposits which might possibly be relics of Aftoman times 
are those m the vicinity of Toronto, from which several species of 
mosses have been reported (Hmde, 1877, Dawson and Penhallow, 
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1890, Penhallow, 1890, 1900, Coleman, 1894, 1896) These deposits 
are so close to the gathering grounds of the ice sheets that much of 
the evidence for their position in the Pleistocene is lacking Con- 
sequently it IS exceedingly difficult or impossible to correlate exactly 
these deposits with those at the margin of tlie glaciated area 

Mosses which certainly date from interglacial stages in the Pleis- 
tocene later than the Aftoman have been reported from Ohio (Orton, 
1870), Wisconsin (Cheney, 1930, 1931, Wilson, 1932, 1936, 1936), 
Mmnesota (Winehell, 1888), Ala^a (Cooper, 1923), District of Co- 
lumbia (Williams, 1933), and Louisiana (Steere, 1938b) 

The few records of fossilised postglacial mosses m North America 
occur principally from travertine or tufa deposits m Oklahoma (Emig, 
1918) and Ut/ah (Flowers, 1933) 

MATERIAL 

Tlic matenal to be discussed here was collected m the type lo- 
cality of the Aftoman intierglacial stage near Afton, Iowa, dunng 
the summer of 1933 Smee the collectors, Dr Ethel B Hansen and 
Dr Gladys West, were pnmanly interested m the identification of 
the species of higher plants, the large collection of mosses was turned 
over to me for study 

The mosses occurred in tlun layers m a clayey silt, which is clearly 
varved They were not equally distributed through the whole sec- 
tion, which was seveial feet thick, but were highly localised The 
layer in which they were most abundant was called by the collectors 
“Layer C,“ and from it came the great majority of the species listed 
in this paper The thinness of the varves and the types of mosses 
preserved mdicaie the margin of an ancient boggy lake or a slow- 
moving bog stream 

The moss-contaimng fragments of clay were carefully washed m 
a sieve or stramer, to remove most of the dirt from the plant d4bns, 
which was then sorted The mosses were received for study m this 
cleaned condition, but had not been given chemical treatment of 
any kind The specimens were yellowish to clear reddish brown when 
wet, and so fragile that tlicy could be handled only by small brushes 
When dry, they were hght, dusty brown and crumbled into frag- 
ments if touched 

In order to facilitate the study of the specimens each fragment 
of branch or stem was partially dissected to show aU diagnostic de- 
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tails of the leaves necessary for identificatton, as, for example, their 
attachment to the stem and the cellular areolation of base and apex 
The dissections were mounted m a dark glucose syrup (**Karo”) 
under a glass cover slip This technique for mounting fossil ma- 
terials, which was onguiated many years ago by Professor H H 
Bartlett, results in hard, permanent mounts In the thin layer under 
the cover glass the dark syrup is entirely transparent and appears 
colorless The advantage of tlie dark syrup is that it never crystal- 
lises, which is the greatest fault of water-glass or pure glucose-syrup 
mounts 

In general, the material is m remarkable condition, especially 
smee it must have been earned about by water currents before bemg 
finally covered with silt Many of the stems are exceedingly flat- 
tened, so that their cell structure and arrangement are not easily rec- 
ognisable, and the apices of occasional leaves have been frayed or 
destroyed Rarely, fungous hyphac are visible (PI V, Fig 5) The 
wonderful preservation of mosses in Aftoman deposits, approximately 
a milhon years old, has excited considerable comment Grout (1917) 
remarks upon the unusual condition of specimens of Camptothecium 
Woldentt ^^The material is somewhat coated with fine soil, although 
Mr Wolden says he washed it out from lumps of earth Otherwise 
it might have l^en collected one hundred days ago instead of having 
been preserved one hundred thousand years, more or less The plants 
are green, although no cell contents are observable, and the leaves 
ore perfectly preserved, even to all details of cell structure In fact 
it seemed so mcredible that a moss could have remained so well 
preserved under such circumstances, that 1 wrote again to Mr Wolden 
for additional details " 

Professor Macbnde (1896) gives an even more graiduc (and ex- 
travagant) descnption '*The bottom of the seam is a compact 
mass of moss, compacted and pressed together no doubt, but ab- 
solutely untouched by putrefaction or decay, perfect in eveiy leaf 
and fiber as any herbarium specimen m the world Specimens you 
may examme chow this perfectly. You may see the stem, the at- 
tachment of the leaves, ^ innovations, the form of each leaf, nay, 
the very areolation of a leaf apex and base, quite as absolutely de- 
fined as m the case of any fre^est apeoimen one may bring m now 
from any hvmg turf or forest bed For this reason, we are able with 
much confidence to identify the species oonoemed, although^ so far, 
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we have Been no smallcRt sign of capsule or fruit So far, also, all 
the maienal seems to represent but a single species, a Hypnum, 
probably Hypnum JluiianH ” 

In the following list of mosses which have been recovered from 
the Aftonian material collected by Dr Hansen and Dr West four 
species seem sufficiently distinct from their known modem relatives 
to deserve specific recognition, and so are hen* proposc*d as new 
species Of course, there are widely divergent methods of consider- 
ing the extent and limits of spetics in fossil matenal (Bailey, 1033), 
just as there an* in the the study of modern plants In modem 
bryology suitable and fairly satisfactory diagnostic criteria and con- 
cepts of specific* boundaries exist, which, fortunately, can be readily 
adapted to Pleistocene material It is difficult to agree with Gams 
(1932), however, who says somewhat arbitrarily “None of the 
more experienced bryologists of today venture to create new Qua- 
ternary species of the polymorphic Amblystegiaceae, which seem to 
have existed in Europe almost unchanged Bincc the Miocene ’’ In 
the first place, the majority of species reported from Pleistocene de- 
posits are known from the Tertiary m North America and, further 
more, many which are called preglacial are very probably really 
interglacial in age, but from outside the limits of glaciation, or else 
from deposits not yet recognized as being interglacial, so that Gams’ 
statement seems unfounded In the second place, two of the most 
expenenced bryologists in this country have named new Quaternary 
bryophytes Dr Grout, an authority on the family Brachythecia- 
ceae, has named a new species of Camptothecium from Aftonian ma- 
tenal, and R S Williams, also a widely recognized bryologist, has 
desenbed not only two new species, but also a new genus from Pleis- 
tocene matenal, and all of them in the Amblystegiaceae It is 
remarkable that so small a number of North Amencan collections 
should contain so many inU*rcstmg species, when many more years 
of careful and intensive study of European subfossil bryophytes 
have brought to light a smaller number of new types, which ore 
not even generally accepted This conspicuous discrepancy between 
the moss floras of the earliest known interglacial stages of the two 
hemispheres is difficult to imderstand, and is of considerable sig- 
nificance 

It IS probable that, just as with the phanerogams, whole groups 
which existed in Tertiary tunes, but which are now nearly or com- 
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pletely extinct, pernisted into the early part of the Pleistocene 
There has been sufficient tune for many changes to have taken place 
smce the beginning of Pleistocene times, which was, according to 
one of the most recent calculations (Leverett, 1032), at least a 
milhon years ago Baker (1920) says "It is beheved that upwards 
of a million years have elapsed since the first great field of ice covered 
the country, a penod of sufficient length to permit great changes in 
the species of plants and animals inhabiting the region " This is 
well shown by the tremendous differences which have occurred in the 
mammal fauna since early in the Pleistocene During this time more 
than ninctv-five per cent of the species of mammals have become 
extinct Nevertheless, the gastropods, or at least their shells, have 
not been modifiiHl appii^ciably during the same time, wluch is ac- 
counted for by the fact that a shell is an exceedingly conservative 
structure whose evolution throughout geological history has been 
very slow In the amount of change which they have undergone 
the mosses occupy a place intermediate between the very plastic 
mammal group and the nearly static gastropod group The history 
of the phanerogamic plants, especially m North America, is so im- 
perfectly known that very little can be said concenuug the changes 
which they have undergone, except that their representation in 
Tertiary times was, both s{X!icificaIly and geographically, consider- 
ably different from the situation now 

TAXONOMIC 0IBCUB81ON OF THE MOBBEB 

Most of the fossil mosses studied here have been identified with 
the help of various dcscnptivc manuals designed for present-day 
species, especially Grout's Moss Flora (1928-40), and through com- 
parison with modern specimens In order to facilitate the comparison 
with such a large bulk of material, permanent shdes were n^e of 
a senes of the modern species most closely related to the fossils 

The Sphagna occun^ as small tangled mats of branches and 
stem fragments, very rarely as complete leafy stems They could 
usually be easily distinguished from the other mosses macroscopicaliy 
because of their grayish appearance, even when wet, instead of the 
reddish-brown color of the other mosses Since the stems and leaves 
were flattened and extremely fragile, it was impossible, m the usual 
manner, to make the seotionB of leaf and stem necessary for exact 
speafic determination It was in general possible, therefore, to 
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recognize only the group to which the Rpecies belongs, or the *'large” 
species A detailed investigation of this material by means of 
regular iustologiGal methods would undoubtedly make possible the 
identification of many more species It would be necessary, however, 
to section material embedded in paraffin or cclloidin 


List of Species 

SPHAGKACEAE 

Sphagnum bquabrosum Crome — Branches of this species were 
easily recogmzed by the large, squarrose branch leaves 
Present dtatnbution — Greenland, Labrador, Alaska, Canada, 
south to the northern Umted States 

Sphagnum acutifolium Ehrh (aenau laio) 

Sphagnum gymbifolium Crome (terisu lato) — These long*recog- 
mzed species/’ as understood by the earlier bryologists, are now 
believed to consist, in reality, of whole groups of species, most 
of which have a decidedly northern range 

FISSIDBNTACSAE 

Fibsidenb bp — Only one specimen belonging without question to 
this characteristic genus was found (PI I, Fig 1) The plants 
are badly damaged, but sliow the typical sheathuig leaves, which 
are unbordered (PI I, Fig 2) and have cells 10-12 fi m diameter 
The specimen is somewhat small to agree well with any of the 
modern boreal Amencan species having these same charac- 
tenstics Nevertheless, I suspect that it is some form of the 
variable Fiaatdena oamundundea Hedw , which is widely distnb- 
uted through the northern Umted States and Canada 

DICRANACEAB 

Dicranum Bergebi Bland — The specimen so named has the upper 
leaf cells nearly as broad as long, the costa not reaching the leaf 
apex (PI 1, Figs 3-4), and bears only a few serrations on the 
dorsal side of the leaf at the apex (PI I, Fig 6) It is certainly 
not in the relationships of the ubiqmtous and protean Dteranum 
acopartum Hedw , whose forms have elongated and pitted leaf 
cells 
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Present dtstribuiion — In bogs, Labrador to Alaska, Canada, 
southward into the northern United States, a boreal to sub- 
Arctic species 

BARTOAMIACSAK 

Philonotis bp “ Only one very small specimen was found, winch 
was recognized by the unbordered leaves and characteristic pa- 
pillae formed by projecting angles of the wall at the ends of the 
cells It does not agree very well with any of the modem species 
in its plane leaf margins and the rather blunt leaf apex (PI II, 
Figs 1- 3), but any attempt eithci to propose a new spi»cies or to 
identify an old one from such imperfect material would not repay 
the trouble The representation of this genus here is of sig- 
nificance, however, since the species of Philonotis grow in very 
moist places, or even in water, although never in rumung water 

AULACOMNIACKAK 

Aulacomnium palubtrb (Web & Mohr) SchwaiJgr — This species 
was well represented in the collection by many specimens m var- 
ious states of preservation Even when the leaf apex (PI I, 
Fig 6) was lacking the species could be recognized easily by the 
characteristic thick-walled cells with a central papilla (PI I, 
Fig 7) and by the tomentose stems In view of its present 
common and widespread association with AuZocommum turgidum 
(Wahlenb ) Schwaegr m sub-Arctic America, it is surprising not 
to find it represented m the Aftonian material 
Present dtstnbution — On the ground m swamps and bogs. 
North America from the Arctic Archipelago south to Flonda in 
the east and to Cahforma in the west 

FONTINALACEAE 

Fontinalis spp — Since only small pieces of plantJi belonging to 
this genus were found, it was impossible to determine whether 
or not they originated from the main stem or from the branches 
Hence it was considered unwise to attempt to name them, al- 
though at least two different species arc present in the collec- 
tion All modem American species of Fontinalis are aquatic, 
growing typically m running water, and are charactenstic of 
temperate regions, not reaching even the sub-Arctic zone. 
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THUIDUCEAE 

Anomodon attenuatub (Hedw ) Hiiben — Thort' ib no doubt about 
thiM identafiration, mnce the areolation, the leaf shape, and the 
charactensiic attenuate hranches (PI II, Figs 4-5) agree very 
well with those of modern material 
Present dtslnbuiton — On soil, base of trees, rotten wood, and 
rocks, very widely distributed in temperate North America 

Thuidium delicatulum (Hedw ) Mitt — This identification w be- 
yond question, since the several specimens show the bipinnate 
and tnpmnatc' branching of the stem, the rharaetenstic papillae 
of the leaf cells, the paraphylha, and the stem leaves typical of 
the spt'eica (PI V, Figs 1-2) The most closely relatt>d Ami'nc'an 
species is Thuidtum recogmtum (Hc^dw ) lAndb , which grows in 
rather dry plat^es 

Present dtsinhuiton — On soil, mtten wood, and rocks, usually 
in moist or wet plates, widespread throughout North America 
east of the Rocky Mountains 

AMBLYBTEtilACEAE 

Caluergon btuamineum (End ) Kindb — Slender, unbranchcKl 
plants with leaves imbricated above and spreading below, ob- 
tuse and somewhat cucullate at the apt‘x, the costa ending well 
below the leaf apex, and the alar cells well developed, were 
placed here In none of the spt’cimena did I see the ra^cles pio- 
duced from the dorsal side of the leaf apex, typical of living 
matenal 

Present distrd>utton — In bogs at high latitudes and high alti- 
tudes, Greenland to Alaska, southward to the northernmost 
Umted States 

CAnuERGON CORDIFOUUM (Hedw ) Kmdb — Plants with little- 
branched stems, spreading leaves with the costa percurrent or 
nearly so, and the alar cells inflated, but not sharply demarcated 
from the adjoining cells, were so named Many of the specimens 
compared \cry well with modern maternal 
Present d%sinbuH(m — In swamps and bogs, throughout boreal 
North America, extending southward into the northern United 
States 
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Caixikrqon RiCHABDSONn (Mitt } Kindb — Many forms were 
found which resembled CaUiergon cordtjoltum in many ways, 
but in which the loaves were shorter and broader, and the costa 
extended only about half the length of the leaf Such forms are 
grouped together here, although there may be at least two species 
or subspecies represented 

Present distrtbviion — In bogs and on wet rocks m the moun- 
tains, a truly boreal species, Newfoundland, Pnnee Edward 
Island, Greenland, Hudson Bay, south to the very northernmost 
United States 

Caijjergon GiGANTEUM (Schimp ) Kindb — The branch leaves of 
this species are much longer and narrower than the stem leaves, 
so that isolated branches, which make up tlic* greater part of the 
matcnal, could have been namc*d only doubtfully if they had not 
been checked against present-day matcnal When whole plants 
occur, however, the pinnate branching, the pcrcurrent costa, 
and the sharply demarcated aunclcs of inflated alar cells make 
the determination certain (PI V, Fig 6) 

Present disinbuiion — In bogs, a distinctly boreal species 
widespread m northern North America, extending southward tn 
the northern United Stakes 

Calliergon aftonianum, sp nov Plant apparently large, pinnately 
branched, with the habit of Calliergon giganteum^ basal leaves 
oblong, obtuse, 1 iron long and 0 5 mm wide (PI III, Figs 1-2), 
costa very short or even lacking, apical leaves of branch longer 
and narrower, lanceolate, up to 2 mm long and 0 3 mm wide, 
eosta exknding about one half the length of the leaf, but never 
percurrent Known only from isolated branches Slide 64 is 
designated as the type 

This Hpc(*ieH IS closest to Calliergon gtganieum m its mode of 
branching and in the mmilar alar cells, but differs conspicuously 
and consistently in the longer, narrower, less tnadgular leaves, 
which have a much shorter costa 

CtlUsrgon Hahmum, sp nov — Stems long, lax, irregularly pinnate, 
with somewhat attenuate branches, leaves narrowly lanceolate, 
1-1 7 mm long, the average length about 1 5 mm , costa short, 
to one half the length of the leaf, apex obtuse to obtusely acute, 
alar cells very conspicuous Type, shde 106 
This species is probably most closely albed to the preceding 
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one or to CaUtergon gtganleumf but is very lax and much re- 
sembles some of the forms of Drepanocladus, from this it differs, 
however, m the pecuhar arrangement of the apical leaves, which 
are mostly obtuse and not at all secund (PI 111, Figs 3-4) It 
approaches Drepanocladus especially m the elongated alar cells 
(PI III, Fig 6), a feature not ordinarily found in Calhergon, 
also in the long, narrow leaves and short costa 
Calueroon trifarium (Web & Mohr) Kmdb — A number of 
specimens of this species were recognized through their broad, 
imbncated leaves, which lacked well-defined alar cells and in 
which the costa was not percurrent The spirally trifarious leaf 
arrangement easily seen m hving specimens was not obvious in 
the fossil matenal, because of the flattening 
Present dtsiribuiton — Greenland, across Arctic Canada to 
Alaska, reaching only the very northernmost United States 
Calliergon turgescens (Schimp ) Kmdb ~ The abundant speci- 
mens of this species were easily rccogmzed from their large size 
and the very much inflated, turgid appearance of the leafy stems 
Under the microscope the leaves show the porose, thick-walled 
alar cells, the short, thm costa, and the minutely apiculate apex 
The cunous apiculus is usually nussmg from older leaves, but 
may be demonstrated m the terminal leaves, which are not only 
younger but also better protected from fraying 
Present dtstribtdton — In cold liogs, Greenland, Arctic and 
sub-Arctic Canada 

Calliergon Kayianunii sp nov — Leafy stem relatively large, turgid, 
3-6 mm in diameter, in fragments 0 5 to 2 cm long, rarely 
branched, usually bearing at the apex a caducous, budlike struc- 
ture, leaves widely ovate to nearly orbicular, 2-8 mm long, 
1 5-2 0 mm wide, averagmg 2 5 mm long and 1 7 nun wide, 
but narrowed to the somewhat clasping insertion, apex broadly 
rounded, not at all acute or apiculate, costa completely lacking 
(PI IV, Figs, 4-7) 

This speaes, which is one of the most common m the collec- 
tion, and certainly the most conspicuous, much resembles in 
habit both Scorpidtum scorpundes and CaUtergon turgescens From 
the former it differs m the symmetneal, not at all secund, leaves, 
and from the latter, to which it is most closely related, in the 
nonapiculate leaves with no trace of a costa An mteresting 
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relationship to C turgescena is shown by the production of ex- 
tremely easily detached buds at the end of the large main stem 
According to Grout (1931), C iurgescena has the habit of "re- 
producing asexually by the falhng off of the terminal buds of 
slender stolons " The big detached buds of C Kaytanum make 
up a great part of the Aftonian material From the very large 
variety gtgantea of Fonitnalta antxpyreitca it differs in that the 
leaves, although (*oncave, are not at all kceled-conduphcate 
CaUtergon Kaytanum belongs, perhaps, in Williams' new genus 
Neocalliergon (Williams, 1930a, 1930b), but in view of the great 
variability, which was apparently characteristic of the complex 
which we now call Calhergon, during Aftonian and perhaps dunng 
later interglacial stages, it is somewhat unsafe to draw too finely 
the lines between genera There were apparently whole groups 
or lines of development which have not persisted into modem 
times In the Calliergon matcnal several types apparently rep- 
resented other unknown species, but were insufficient in quantity 
or too poorly preserved to be desenbed as new A study of 
Calhergon from a much larger collection than this might shod a 
great deal of light on the ongin of the genus and its relation to 
Drepanocladus Many specunens were found which possessed 
characteristics of both Drepanocladus and Calhergon, and ap- 
peared mtermediate between them This fact seems to pomt to 
a common ancestry for both groups rather than to a parallel de- 
velopment as a reaction to the same environment, as is behoved 
by many bryologists 

DREPANOonADUB ADUNCUS (Hcdw ) Wamst — Forms with entire 
leaves and large groups of well-developed alar cells are placed 
here Although a great number of forms, mcluding the so-called 
vanetios Kneiffit and polycarpua, were found, no attempt was 
made to separate them, because of their infimte vanabihty 
PreaeTit dtatnhidton — Widespread almost througjhout northern 
North Amenoa, usually m water 

Drepanocladus fluitanb (Hedw ) Mfinkem — Forms with serru- 
late leaves and relatively small areas of alar cells are grouped 
here 

Present dtainbuhon — Common throughout Canada and the 
northern United States 

Drbpanogladub bxannvxiATUs (Gtimb ) Wamst — Specimens with 
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Herrulate leaves, a strong costa, and ronspicuous auncles of alar 
cells are placed here 

Present disinbtUton — Distinctly boreal, Greenland, Canada, 
roac'hing only the* northernmost United States 
Drepanoclados rbvolvens (C Midi ) Warnst — This siiccies is 
characterized mainly by the strongly falcate-secund leaves which 
have no well-differentiated alar cells The dark red to nearly 
black charactcnstic of living plants persists in the fossil specimens 
Present dtairthiUton — A rather uncommon species of boreal 
bogs, throughout northern (Canada, but reaching only the north- 
ernmost United Stal/Cs 

DrepanocladuB apiculatus, sp nov — Stems rather robust, little 
branched, leaves 15-2 0 mm long, 0 5-0 7 mm wide, ovate, 
tapenng to a gradual acununation, at the li^rmination of which 
IS a narrow, often recurved apiculus (PI V, Figs 3-4), very 
concave, falcat/c-secund, not plicate, alar cells thick-walled, but 
otherwise not much differentiated, costa very short, to one half 
the length of the leaf, rarely more (PI V, Fig 5) Type, slide 183 
This species is appaiently most closely relat^ed to Drepamh- 
cladus revolvenSf but differs in the peculiarly recurved apiculus 
and the short costa 8o far as I know, no modem species of 
Drepanocladus has an apiculus on its leaves, although this char- 
acteristic still iH'rsists in Callicrgon 
In the Drepanocladus material there are countless variations 
and forms which might have been identified, or at least named, 
most of them under D aduncus and D fluttans The genus 
Drepanocladus is still so vanable and so plastic, however, that 
It was considered inadvisable to attempt to segregate varieties 
and forms from matenal ivluch grew under conditions which are 
still not fully understood As Grout (1931) says of the modem 
specimens "Nearly all grow m water or very wet places, and 
the amount of water and other conditions of their immolate 
environment appear to modify their growth profoundly Some- 
times two well marked varieties can be found on the same plant " 
It appears that, although the genus Calhergon has ^come 
somewhat stabilized during the past milhon years, perhaps by 
the extinction of intermediate forms, Drepanocladus is still nearly 
as plastic now as it was during Aftonian times 
ScoBPiDiuM sooRPtotDBB (Hedw ) Limpr — This large species, al- 
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thou^ not common, ir represented by several Bpecimens, which 
are easily rocogmsed by means of their large sise and the second 
loaves without a costa 

Present dtatnhiUton — In swampy and boggy streams and 
pools, Canada and the northern United States, across the con- 
tinent 

Amblystegium Juratzkanum Schimp — Only a single fragment of 
this small hut easily recognized spec'ies was recovered The 
spreading leaves and the characteristic alar cells are distinctive 

Present dtsirtbulton — Widespread through the northern United 
States and ('anada, on rotten wood, moist humus, and stones 

LEPTomcTYUM RiPARiUM (Hcdw ) Wamst — The specimens placed 
here agreed in most respects with modem material, except that 
some of the leaves are distinctly serrulate, especially toward the 
base The apical cells are fri»quently much shortened, and the 
remaimng c^lls are shorter than is usual m Dropanocladus, which 
sf*enis 1o preclude that genus, a view substantiaUnl by the lack 
of inflated alar cells This identification was not considered to 
be* completely beyond question, but the matenal is too frag- 
mentary to justify the creation of a new species 

Present distrtbuiton — Conunon throughout the United States 
and southern Canada 

Cahpylium btellatum (Hedw ) Lange & C Jens — The large leaves 
with costa short or absent and the numerous quadrate* alar cells 
are well shown in the very large number of specimens present 
in the Aftoman material (PI II, Fig 6, PI IV, Fig 3) Reason- 
ably long branches occur which have the typical leaf arrange- 
ment 

Present distribution — Throughout Canada, from the Arctic 
Archipelago south to the northern United States 

BRACHYTHECIACEAE 

CAMPi'OTHBcitTU NiTENs (Hedw ) Schimp —This species was ap- 
parently very common and abundant in Aftoman times, to judge 
from the quantities of it which are found in fine condition in 
this matenal The plications of the leaves and the abundant 
tomentum on the steins are extremely well pniserved. 

Prennt distribuium — From the Canadian eastern Arctic 
southward to the northernmost Umted States 
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Cakftothbcxum Woldbnu Grout — Although the type specunen 
wae not seen, several specimens were found which seemed to agree 
completely with the onginal descnption of this species (Grout, 
1917) 

HYLOCOMIACBAE 

Hylocomittm bflbndenb (Hedw ) Bry Eur — This species is one 
of the best preserved and most easily recognised in tlic whole 
collection E\en the paraphyllia on the stems are still beauti- 
fully preserved, and tlie double costa is conspicuous (FI IV, 
Figs 1-2) 

Present dtstnbvhon — C^anada and the northern United States, 
still occurs in Iowa 

POLYTRICHACKAB 

PoLYTRiCHiTM STBICTUM Banks — The identification of this species 
IS faciUtated through the tomentose stems and the well-preserved 
loaves with clearly incurved margins, as well as through the mosses 
associated with it, since they are bog species P junipennwm, 
although very similar, lacks the tomentum on the stem and grows 
m fields and woods, not ordinanly m bogs 

Present dtsirQmtwn — Distinctly boreal, growing m Sphagnum 
bogs and swamps, Greenland, Canada, northern United States 

THE MBCHANICB AND CHEMISTRY OF MOBS PREBERVATIOH 

A cunous and stnkmg feature of the matenal just dcsenbed is 
the complete and conspicuous lack of certain species, genera, and 
even whole famihes of mosses, and of the entire group of hepaties 
which should certainly be expected on the basis of modem associa- 
tion and distnbution of bryophytes For instance, in our modem 
boreal bogs there are usually associated with tho mosses listed above 
such genera as Leucobryum, Pelha, Cephalozia, Calypogeia, Lo- 
phoBia, and Mylia Since these forms are completely unrepresented 
in early Pleistocene deposits, it is of course possible to conclude that 
they were actually lacking during Aftonian tunes This conclusion 
would be almost certainly incorrect, however, because the groups 
just mentioned are highly developed ones, and, furthermore, to judge 
by their present wide distribution, must be ancient ones Since the 
fossil species occurred in the eame aBsociations m which they are 
still found m nature today and smee the hepaticfl are an old group, 
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It IS reasonable to suppose that the missing species were tiien present, 
but for some reason wen* not preserved The lark of certain charac- 
tenstic bog mosses, such as Leurobryum, is so consistent that it 
appears not to be by accident, but through some idiosyncrasy of 
the species Tlie matter of which species are preserved seems to be 
correlated definitely with the chemical constitution of their cell walls, 
which in general aie much less resistant to hydrolysis than those of 
higher plants The cell walls of mosses and hepatics arc not made 
of njs permanent and resistant materials as those which compose the 
cell walls of higher plants, but consist in large part of hemicelluloses, 
which are usually more easily broken down than true celluloses 
(Muller, 1905) Hcpatics contain even less true cellulose than mosses 
— only one sixth as much (Lohman, 1903) 

According to the long-accepted views of botanists and geologists, 
peat formation sunply amounts to the accumulation of celluloses, 
hemicelluloses, and their oxidation products The complete accept- 
ance of this view IS reflected by many workers Weyland (1925) 
says ‘‘Die schlechto Erhaltung und das hVlilcn fossiler Moose* 
Qberhaupt wird durch die chemische Zusammensetaung der Zcll- 
membranen der Moose erklart, die zum grossten Teil nicht aus 
echter Cellulose bestehen und daher leichtei zers<*tzlich smd ** 
Bather recently, however, the theory that iignms and their de- 
nvatives and, to a much leaser extent, resins and waxes are the ma- 
tenala which persist and accumulate* (Fischer and Schrader, 1921) 
has been gaming ground, especially among chemists The term 
“ligmn" has been restneted m the past by plant anatomists and 
morphologists to a somewhat obscure material which is located m 
secondary thickenings of cell walls and which can be identified by 
microchemical tests The same term is used by chemists in a much 
broader yet specific sense, to cover the aromatic constituents of the 
cell wall which are cliaractenzed upon degradation by the mrthoxyl 
group (Fuchs, 1926) This widely confiictmg usage and concept is 
strikingly illustrated by companng the older chemical analyses of 
bryophytes by qualitative microchemical methods with more re- 
cent analyses on the basis of quantitative tests None of the early 
analyses show (Roberts and Hanng, 1938) the presence of ligmn in 
bryophytes, whereas the latter demonstrate large amounts of hgmna 
or their derivatives, as determined from the mothoxyl content In 
fact, more “hgmn*’ is reported for mosses than from some phon- 
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erogamsl For example, Waksman and Stevens (1028), m a study 
of peatrforming matenals, report that **Hypnum** contains 21 13 
per cent of hgnin, whereas ** Sphaynum^^* in the upper, growing, 
portion and the lower, dead, portion, contains, respectively, 6 97 and 
19 15 per cent of lignin In Sphagnum cavtfoltum and S medium 
have been reported, respectively, 9 2 and 16 14 per cent of lignin 
(Stadnikow and Baryschewa, 1930a, 1930h) 

Caapek (1899, 1913) reported the occurrence of aromatic con- 
stituents, which are now considered to be lignin derivatives, in the 
cell walls of bryophytes, and found that there is a distinct correla- 
tion between the habitat and the type* of aromatic compound present 
In mosses living in the water or in moist or deep]> shaded places he 
found a material which he named ^^sphagnoP’ and wluch was 
demonstrated te bo strongly toxic to bactena, fungi, and other or- 
ganisms In truly xerophytic mosses, on the other hand, sphagnol 
18 lacking There occurs a tannin, called ^^dicranic acid” by Czapek, 
which IS toxic, like sphagnol, but te a lesser extent In the hepatics, 
however, there seems to lie veiy little relation between the chemistry 
of the cell wall and the habitat of the species 

Since peat formation, which w the accumulation of plant residues, 
probably of an aromatic nature, can take place only under anaerobic 
conditions (Waksman and Stevens, 1928), the aquatic species ob- 
viously stand a much better chance of becoming preserved In the 
list given earlier, for example, nearly all the species are either actually 
aquatic or from very moist habitats All species which are prevented 
from being deposited under water, even though they contam the 
necessary lignins or ligmn derivatives, will still not be preserved 
As a result, species of the moist but rarely inundated forest floor 
are found in a fossil or subfossil condition much less often than 
aquatic species Progressively, xerophytic mosses such as Gnmmia 
and most species of Rliaconutnum arc preserved only under excep- 
tional conditions, and could not be expected to occur in peat at all 
For this reason the two most important factors which determine 
preservation of mosses are their deposition in water and the pres- 
ence of lignins or related compounds m their cell walls 

Weyland, in his discussion of the poor preservation of mosses 
in general, has placed sigmficance upon the fact that the moss plant 
IS a gametophyte and thus is ontogeneUcally different from the ferns 
and the phanerogams Although this viewpoint opens some interest- 
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ing philosophical questions, the moss sporophyte apparently does not 
have a more resistant (ell wall than the gametophyte This is well 
illustrated by the almost complete lack of moss siiorophytcs in 
known fossil material It has also been shown that the young 
sporophyte, at least, contains materials which are easily decomposed 
(Ziegenspcck, 1926) The true cause of the jioor preserx^ation of 
mosses is undoubtedly that both generations lack the large amounts 
of resistant vascular and cuticular tissues that are characteristic of 
the higher groups 

THE CLIMATE OF THE AFTONIAN INTERQLAriAl STAGE 

In addition to its purely taxonomic phase, the study of Pleis- 
tocene moHW'H has considerable bearing on the problems of climate 
and plant distribution dunng the interglacial intervals Most mosses 
are very sensitive to the various environmental fadors and, further- 
more, usually have a fairly restricted geographical range, as has lieen 
pointed out in some detail dunng the last few years (Steere, 1937a, 
1937b, 1938a, Sharp, 1939) Coiimiuently fossil mossi's make ac- 
curate and coinenient indicators of the climatic and ecological con- 
ditions undei whose influence they grew Their value in climatic 
studies of the past has not been sufficiently recognized 

The question of the nature of the climate and life of the inter- 
glacial stages IS an exceedingly fascinating one, which has had 
several different and more or less conflicting answers Savage (1903) 
says of the plant remains from Dodge Township, Union County, 
Iowa “The scarcity in these deposits of fragments of our deciduous 
forest trees and the presimce, in abundance, of leaves and twigs and 
pieces of wood of cono-beanng trees, such as live at present at higher 
latitudes, is significant The absence in these beds of the aquatic 
moss species that predominate tpday in the lakes and pools of Iowa, 
and the occurrence there of species of mosses which now flourish 
further northward, furnish strong evidence that dunng the Aftoman 
age the climate of our state waa favorable for the growth of a more 
boreal vegetation than at present “ He continues “The conclu- 
sion seems warranted that many of the plants which are found in 
the present flora of our state had no place there dunng the earliest 
interglacial interval, and that, at our latitude, the climate never 
became so mild and genial throughout this penod as that which the 
regu>n enjoys dunng the present age “ 
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Later, Savage (1906), while discussing more Aftoman plants, this 
time from Oc'lwein, in Fayette County, Iowa, supports and extends 
his ongmal opinion, saying “It is worthy of note that the moss 
species, irhose remains were found in the second member of the sec- 
tion, as well as the picc es of larch wood that came from the horizon 
of the old Aftoman surface, are forms that thn\e at present in more 
northern latitudes It is probable that the climatic conditions of 
the Aftoman interglacial age were, at least toward tlie dose of the 
intcr\ al, less mild and genial in this portion of our country than those 
which the region has enjoyed in recent times ** This view is con- 
vincingly supported by the plant matcnals that have be<»n studied 
since, in fact, it seems impossible to interpret the evidence otlicrwisi' 

Little has been said concermng the vegetation of the Aftoman 
interval as a whole Shimek (1910) speaks of “plantrcovered land 
areas similar to those which now prevail in the region,” and Baker 
(1920) considers that “the Aftoman was a time of luxunant forests ” 

The Mosses 

The modem bryophyte flora of Iowa has lieen somewhat inten- 
sively studied during the last few years, and therefore is rather well 
known (Besscy, 1884, Savage, 1898, Shimek, 1898, 1907, 1916, 
Conard 1912, et seq , Wolden, 1919, Cavanagh, 1921, et seq , Blagg, 
1927, et seq , Grout, 1928, Conard and Wolden, 1932, Sayre, 1934) 

The great majoiity of the present Iowan mosses are the same 
ones that are found in similar habitats throughout Illinois, Indiana, 
Ohio, and southern Michigan and Wisconsin Fewer species arc 
reportcHl from Iowa than from any of the states adjacent to it on the 
e^st, probably because of the relative scarcity of proper habitats in 
Iowa and its smaller annual rainfall As might be expc'ctcd on the 
westom side of the Mississippi, a alight but perceptible western or 
southwestern element occurs in the moss flora* The most charac- 
tenatic indications of such an element arc all in the family Funa- 
naceae, namely Physcomitnum ff oaken Hampc, P Drummondit 
E G Bntton, Pyramtdula tetragona (Bnd ) Bnd , and Funarm 
calveacens Schwacgr 

The relatively small number of species reported from Iowa and 
the scarcity of unusual species are directly related to the widespread 
occurrence of only two mam types of habitat praine, either wet 
or dry, and occasional open woods Naturally the mosses are types 
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charB{*ten8tic of these habitats, with very few bog or aquatic speeies 
represented In one region of Iowa, and there only, the moss flora 
departs from this simple formula and is really diversified This is 
in the BO-caJlcd unglaoiated area m the extreme northeast corner of 
the state, where a number of interesting species have been reported 
(Blagg, 1928a, 1928b, Conard, 1932a, 1932b, 1938) The wonder 
IS not, however, that interesting speoios have been found there, but 
that there are so few of them, when one considers the largo number 
of unusual mosses collected by Dr Holainger at Winona, Mmuesota, 
not a great deal farther north in the same dnftless stnp along the 
Mississippi Biver Bryoxiphtum nortfegteum, for example, is almost 
certain to turn up m northeastern Iowa (Steere, 1937b) 

One of the most characteristic features of the present-day Iowa 
moss flora is the scarcity of aquatic and bog bryophytes Pammel 
(1909) says “There are none of the typical moss bogs found m 
this state Sphagnum has not boon found anywhere in the 

bogs of northern Iowa “ Even though two species of Sphagnum, S 
medium and S cusjndotum, have recently h&en reported from Iowa 
(Cavanagli, 1929a, 1929b), Pammers last statement still holds true, 
smee they came from wet banks in woods m Muscatine County, 
which is in the easternmost part of the stale and outside the Wis- 
consin dnft area Thus the bogs are apparently of a nature quite 
different from those fartlier north Beyer (1909), in discussing the 
peat bogs of Iowa, with special reference to their economic im- 
portance, says “While m high latitudes and high altitudes the 
club mosses, sphagnums and hypnums contribute very largely toward 
the accumulaticm of peat, grasses and sedges are much more im- 
portant m Iowa peat bogs Mosses are present occasionally, but 
play a secondary role “ This essential and fundamental difference 
between the modem bogs of Iowa and the extinct boreal ones is very 
noteworthy The boreal type of bog, as exemphfied in northern 
Minnesota, Wisconsin, and Michigan, and from them north into 
the Arctic, abounds in all types of bryophytes and is probably 
ncher in species than any other type of habitat m the glaciated re- 
gion, a stnkmg contrast to vegetation m Iowa today 

All the mosses yet reported from Afloman deposits, together with 
those discussed m another section of this paper (pp 82-^), have 
been species quite charactenstie of boreal bogs, llm is emphasised 
by the fact that most of them, mcluding the Sphagna, no longer occur 
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in Iowa An examination of tlieir present geographical distnbution 
should demonstrate convincingly that the majonty of them are 
boreal or sub-Arctic specieK The most characteristic northern 
mosses from Af toman deposits in Iowa are Dtcranum Bergertf CaJr 
hergon strarntneunif C gigarUeum^ C cordifoltuMt C Rtchardeanu, 
C tnfanum, C turgescenSf Drepanocladus exannulaiuSf D revolventt, 
Scarpuitum scorptoideH, and Campto^cctum nxiene 

Higher Planta 

During the Aftonian interglacial stage nearly the whole state of 
Iowa must have been covered by a dense coniferous forest of a strictly 
boreal nature At least this is tlie conclusion to be drawn from the 
fossil material recoveriMl from Aftonian deposits It is demonstrated 
by the widespread occurrence of wood fragments^ logs, and stumps, 
as well as leaves, twigs, and cones, in an area where there is no 
natural forest now In parts of central and southern Iowa, where 
there have been no forests within historical times, the old forest bed 
is HO well preserved that fully fifty per cent of the excavations fiene- 
tratmg to its depth reveal it in $Uu, whereas nearly all tlie w^st con- 
tain battered logs and sticks (McGee, 1891, Baker, 1920) In some 
places the watei in nc»arly every well is flavored by products of the 
slow decomposition going on in the forest layer which is penetrated 
by tlie wells In fact, much of the water in such areas is rendered 
unfit for drinking because of remains from this forest of approxi- 
mately a million years ago 

The species of conifers that have been recognised from the debris 
of the old forests are Lartx lancina (Macbride, 1896), Thuja occp- 
dentaha (McGee, 1891), Ptcea tnartana (Macbnde, 1907), and P ca- 
nadentna (Macbnde, 1907) It is impoitant to notice that these 
boreal forests, which probably indicate a rather poorly drained re- 
gion, extended in Aftonian times to the southernmost edge of Iowa 
and perhaps mto Missoun In fact, the earliest known and best 
examples of old soils, peats, and forest beds of Aftonian age are 
found toward the southern edge of the state and, further, the type 
locality of the honson is in Union County, which is next to the 
southernmost tier of counties m the state 

At present, of course, the forest cover of the state is very slight, 
and much of it is secondary Even the bogs and swamps are umque 
in the almost total absence of trees and shrubs Of the characteristic 
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inhabitants of boreal bogs during the Aftonian none is still found in 
Iowa The principal coniferous species of the state now are the 
highly localised Abtes balsameOj which grows on cold, wet limestone 
m the unglaciated northeast comer (Pammel, 1907, Oonard, 1938), 
Pinua StrobuSf ui small and isolated areas, Jumperus communtSf J 
fyirgxntanaj and Taxua canadensis, all of which have a more southern 
range than the species found in Aftonian deposits It is rather sur- 
prising that the tamarack should be compleU^ly lacking in Iowa 
(Pammel, 1907) 


C'ONrLXJSIONfl 

It IB only fair to remark here that there are se\eral cnticisms 
which may be bi ought to bear on the thesis that the plant remains 
of the Aftonian deposits pi*esent positnc (evidence tliat the climate 
of the interval was Ixireal 

In the first plac^e, it is evident that topography has a very con- 
siderable influence on vegetation, and particularly on the distnbu- 
tion of bogs The surface of the Kansan drift has been exposed to 
the elements for an enonnous length of time, during which several 
glacial and interglacial siagt^s have elapsed As a result, the area 
in which the Kansan drift is exposed has a well-developiKi drainage 
system The same thing is true of the surface of the Iowan drift 
and loess, but to a somewhat lesser exUrnt, since they are more re- 
cent It 18 only within the areas in Iowa which were covered by 
an ice sheet during the Wisconsin glaciation that one finds a really 
youthful to])ography, with its charactenstic lock of drainage, which 
results m numerous lakes and ponds Even so, bogs are limited to 
the margins of the Wisconsin dnft, where, Ix^cause of the monunes, 
the topography is more irregulai Beyer (1909), in his discussion 
of the distnbution of the peat bogs throughout the state, says 
“ all the p(»at bogs of commercial importance are confined to 
the WiHconsm dnft sheet The deepest bogs tested arenn those mo- 
rainal tracts where the surface is most broken Away from the 
moromal belt the basins become shallower and the peat thinner, and 
as a general rule poorer m quality ” 

Thus it might be said that the lack of boreal mosses and forests 
may be caused by the lack of suitable habitats It would be a much 
more vohd argument if the deep bogs m the moraines of Wisconsin 
dnft in the northern part of Iowa had such a flora But since they 
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do not and Bince the typical boreal bogs of northern Minnesota, 
Wisconsin, and Michigan are also on the surface of the Wisconsin 
drift sheet, it would appear that climate, or perhaps only some smgle 
factor such as temperature or rainfall, is the decidmg point, rather 
than topography It is probable that earlier m postglacial times 
boreal species existed m the bogs of Iowa, but have since disap- 
peared as the chmate ameliorated with the gradual withdrawal of 
the Wisconsin ice sheet, which took a goo<l many thousand years 
(Antevs, 1928) The obsolete, filled-m bogs on the weathered sur- 
face of the ancient Kansan dnft sheet are an interesting subject for 
research Their stratigraphical and biological make-up could be 
investigated without difficulty by means of borings Although, 
stnctly spcakmg, these bogs might be considered postglacial, m a 
temporal sense they are interglacial, and are so considered by the 
European glaciologists Such obsolete interglacial bogs have been 
carefully studied in Jutland and in northern Germany (Jessen and 
Milthers, 1928) and the advance and regmssion of the different floras 
dunng two glacial epochs clearly demonstrated A study of the 
superficial interglacial bogs of Iowa, with their records of plant and 
ammal inhabitation, might provide some interesting and lUuminatr 
mg data on the question of chmates during the different interglacial 
stages in North America 

In the second place, it might be argued that the boreal bogs of 
the Aftonian were simply boreal islands in a warm temperate chmate, 
as the isolated tamarack and spruce bogs of southern Wisconsin, 
Minnesota, and Michigan are frequently considered today This 
argument may bo refuted m three ways (1) the genmnely boreal 
nature of many of the Aftoman species of mosses, which do not now 
live in the southernmost coniferous bogs, (2) the lack of remains of 
a really temperate flora, which would certainly have been blown or 
washed into the bogs, if present, and (3) the enormous areal extent 
of the Aftoman deposits 

In the third place, the objection miglit be raised that the boreal 
species reported from the Aftoman are from the beginning or the 
end of that epoch, when, as is perfectly obvious, a boreal type of 
chmate must have prevailed, or even an Arctic type in the vicinity 
of Uie ice front The forest bedS) with the roots and stumps still m 
place, which have often been desonbed from the Aftoman deposits, 
most certainly represent the veiy end of that mterglacial mterval, 
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when the Kansan ice sheet spread its load of d6bns over the remains 
of the old forest In general, however, the plant remains known from 
the Aftoman so far are to a surprising degree those of distinctl}' 
boreal species Below the forest bed are often other layers of muck 
and peat which likewise <*ontain traces of plants Sometimes many 
feet of exposed fossilifcrous strata rest at the bottom on Nebraskan 
drift and are covered at the top by Kansan till, thus apparently 
representing a record of a large part of the interglacial period Yet 
from such deposits no species of deciduous trees of a true southern 
nature have been icported Tlio most temperate type of vegetation 
was apparently the pine fon^sts, at least, fragments of pine wood 
have been found in the doc'per strata That traces of more southern 
ty[)es would have persisted, if they had originally been present, is 
shown by the occurrence of such material in deposits from the seexmd 
or Yarmouth interglacial interval, after the Kansan glaciation 

In conclusion, it seems to me beyond doubt that the climate of 
the part of tlic Aftoman interglacial interval whose deposits have 
so far been found was much colder and more humid than the present 
climate of Iowa Positive evidence of this difference is given by the 
abundant remains of boreal mosses To judge from a rough average 
of the present geographical ranges of the species of plants and animals 
which have persisted from Aftoman times, the climate of that stage 
must have approximated the climate which now prevails in the same 
longitude between five hundred and a thousand miles farther north 

SUMMAllY 

1 Earlier reports and records of fossil bryophytes, especially 
those concerned with Pleistocene material, are reviewed 

2 The n'mafkably fine preserv^atioii which has been reported for 
Aftoman moss specimens is corroborated and illustrated 

3 An annotat(*d list is given of the thirty-three species of mosses 
(in nearly twenty genera) which have been racognizM and named 
m a large collection of Aftoman material 

4 Four species were so distinct from the most nearly related 
modern species that they are here proposed as new 

5 Evidence is presented to show that some genera, especially 
Calhcrgon and Drepanooladus, were probably more closely related 
dunng Aftoman times than they are at present, through a now ex- 
tmet senes of intermediate fonns 
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6 The absence of ihany species, which, on the basis of present 
distnbution and association of species, should have been found in 
this material, is correlated wilh the cheinKal composition of the cell 
walls of the missinR species 

7 The gn^at importance of fossil mosses as indicators of the 
climatic conditions under which they lived is pointed out and their 
use m climatic studies of tiic past suggested, since in Pleistoccno 
deposits there arc often more spmes of mosses than of any other 
group of plants 

8 Tht' temperate and subbort*al nature of the modem moss 
flora of Iowa is contrasted with the l)oreai and sub-Arctic species 
of Aftxmian times 

9 It IS finally concluded that the Aftonian interglacial stage, so 
far as can be judged by the abundant moss matenal which has 
bf*en discovered m its deposits, was much colder and wetter than at 
present, with a climate like that now existing five hundred to a thou- 
sand miles farther north 

tJNiVKKfliTV OP Michigan 
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EXPLANATION OF PLAIT: I 

Fid 1 Ftastdens sp The entire fragment, which shows the eharactenstic 
distichous leaf arrangement X 25 

Fio 2 F ap Detail of part of Mteni shown in Figure 1 X 77 

Flos 3‘-4 Dicranum Bergen Bland Upper part of two leaves, showmg the 
typical short cells and the costa ending below the apex X 77 

Flo 5 I) Bergen Bland Profile view of two leaves The serration of the 
dorsal side of the costa is well shown X 77 

Fig 6 Auheomntum paluatre (Web A Mohr) Schwaegr Upper part of 
leaf X 77 

Fio 7 A paluatre (Web A Mohr) S(hwaegr Detail of same leaf, showing the 
tbick-widled unipapiUose oeUs X 332 
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PIJITE 1 



EXPLANATION OF PLATE II 

I* lUH 1-2 Fhilomtu up Kirtglc loHveH X 77 

l*i« 3 P up Habit of viholo ftperinieii, frum whirh Hovoral leavpH have been 
removed X 20 

1*10 4 /t nowodon a//en Mfifwa (Hedw ) Hftl)en ChariicttTiHtit attenuate brnne li 
X 25 

tiG 5 Campytium Hteltaluni (Hmlii ) l4inKe & lens A siiiRe topical Itaf with 
conspicuous qUHcirate alar crclls X 77 

Fin b A aitenuafuM ) HiOien Fragment of mam stem, show mg moi*e 

detail of leaf shape than Figure 4 X 25 




EXPLANA'riON OF PLATE III 

Km 1 (\iUurgon nfionwnumt HP nov SjnjcU bmiiob loaf Tho loaf nlmpc ami 
tho Hhiirt (OHta are < hat lu tonal k X 77 

hut 2 C aflanmmimt ap nov T^avca with vorv nhort (tmta from huao of a 
hianoh X 00 

Fm S C HamenaCf ap nov HuVnt of plant X 20 

Fin 4 C HamtenaCf sp nov Afiox of plant in Figuro 3, atioviinfi; in Kn‘att»r 
(lotail tho Mtem uix‘x, the leaf ahape, and tho short rcwta X 77 

1*1(1 •) C Himserutf, ap nov Basal angle of leaf, ahovimg tlie dongutodt 
Drepanocladus’like alar (cHh X 332 



STEERE 


MATE III 



Flewtocene moKm 


JOXPLANATION OF PLATE 

FitiH 1-2 Ilyhcomium apUndeiut (H^lu ) IJrv Kiir 
typu al double rontii tuid the paruphyllia X 77 

Fio 3 Campylium aiellnimn (Hed'a ) Liuificc* A C Jeiw 
Fkib 4-*) CallHrgftn Kan/ianumf np nov Whole lea vet* 
T<igh t»-7 C Kayumunif H\) nov A}ie\ of t\io leaves 


IV 

liCaveH^ sbo>^infc the 

A single leaf X 77 
X 24 
X 40 




EXPLANATION OF PIATK V 


1 Thindium (leltcahUuw iHedvi ) M\ii Apt'X of ultimate brand) Hlicmmjj 
the w eil-pre*8erved papillae uii the U iif rellH X 332 

PUt 2 T dehmiulutn (Hed^t ) Mitt Habit of bran c h X 20 

hiGH 3~4 J)repan(}clndu8 u/ncuUituHt H}i nov Charnr teriata apu uIum fiom two 
liuven X S*i2 

Imu 5 I) apfculatuH^ Hp iiov Whole leaf, ah owiiik the (oat-a, the urn h (Ten n ti- 
nted alar < elle, the upu iiIuh, and the fungoiiH hvphao X 77 

1 Kt h Calltergoft giganltum (Srhiinp 1 Kiiidb Ahr itUk and well-developed 
(osti of bianeh leavea X 77 
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PLATE V 



Pleistocene nioasea 



STUDIES ON CHINESE SPECIES 
OF GRIFPITHSIA* 

CHENG KWEI T8ENO 

P LANTS of the genuB Gnffithsia (Ceraimaoeae, Rhodophyceae), 
now crwiited with a few more than thirty speciee, are chiefly 
inhabitants of the wanner seas, although some of them may extend 
into the temperate Kones As early as 1836 Burnett (Murray and 
others, 1836, pp 329, 332) mentioned the occurrence of **Gnffithsia 
coraUtna** (?) in China, without giving the exact locahty The n*cord, 
like most of the early ones vaguely asenbod to China, is certainly 
not reUablc In fact, tlic occurrence of true G coraUtna (Lightf ) 
C Ag in the Pacific Ocean docs not seem very probable, to judge 
from our present knowl(*dge of its distnbution Since the determina- 
tion of species of this genus now reqiunw detailed microscopu 
examination of the reproductive organs, Burnett’s record cannot be 
accepted until the specimen upon which it is based ih reiixamined 
and its identification confirmed In the regions near the China Sea 
there have been definitely reported three species ^ from the Malay 
Archipelago (Weber-van Bosse, 1923) and five * from Japan (Ok^ 
mura, 1930a, 1930b, 1933, Yendo, 1914} 

In the past few years the writer has collected fourteen different 
sets of specimens belonging to this genus A study of them reveals 
the presence of five species, one of which has to be proposed as new 
All are here added to the flonstec list of Chma for the first time The 
species can be distinguished from one another by the following 
analytic key. 

* Papers from the Department of Botany of the University of Michigan, 
No 781 

1 There Is also reported a **GntUH9ta »p ** which resembles, according to Its 
author, <? optmtomdea 

* Yamada (1928) also reported a doubtful record of O coraUtna Okamura, 
in hts Ntppon^uudn (1996, m Japanese), proposed a new species under the 
nameG Teme-yamadat, desonbed m Japanese only 

105 
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A Cells generally oylindneal to suboylindneal and clavate 

B Branching scanty, generally lateral, arising from the proximal end, 

near the basal w^s of the cells 1 O tonvta 

B Branching abundant, apparently dichotomous or subdichotomous, 
ansing from the distal ends of the cells 
C Frond hushlike, larger, to 10 cm high, cells generally 4- 

12 diameters long 2 O subcyhndrtea 

C Frond flabdlato, smaller, to 4 cm high, colls generally 2-4 diame- 
ters long 3 O japontea 

A Cells barrel-ehap^ to spherical, at least the upper ones very distmoUy 
constricted 

B Frond fastigiate, flabellate, branches to 450 ^ broad, young branches 

convergent-furcate 4 6 rkttophora 

B Frond not faatigiate and flabellate, branches to 1 ,200 broad, young 

branches not oonvergont-furoate 5 0 Metcast 

1. Gnffithsm tenute C. Ag. 

(Figure 1) 

C Agardh, Species alganim, 11, 1828, p 131, J Q Agardh, Epicnsis, 1876, 
p 70, De Tom, Sylloge algarum, IV (3), 1603, p 1284, Collins and Hervey, 
Algae of Bermuda, 1017, p 135, pi 0, figs 3^0, Bdrgesen, Marine Algae 
of the Danish West Indies, II, 1020, p 462, fig 423, Okamura, leones of 
Japanese Algae, VI (1), 1933, p 2, p! 802, figs 1-6 
Onffithna thyratgera Askraiasy, Algae, %n Forschungsreiso SMS “Gaselle," 
1838, p 36, pi 0, figs 1, 4 

The filamentous frond forms loose tufts to 5 cm long It is 
attached to the substratum by means of vigorous umcellular rhisoids 
issuing from the decumbent filaments The branching, which is 
rather scarce and irregular, is predominantly subsecund It has 
already been pointed out by vanous authors that the branches anse 
m a very peculiar way, they originate from the proximal ends of 
the mother cells near the basal walls (Fig 1) rather than from the 
distal ends, as m other members of this genus By this characteristic 
alone it can readily be distinguished from other species, even those 
m the sterile condition The cells are generally cyhndncal, aome- 
tames being a httle thicker at both ends They are about 100-180 ii 
m diameter and 4-0 tunes as long Deciduous dichotomouB hairs 
are found around the upper ends of the younger cells Tetrasporangia 
are sphenoal, tetrahedrally divided, and about 80 m ui diameter 
when mature No mvolucral cells accompany them, although there 
are generally hairs or hair scars below them Ei|^t to twelve of 
these sporangia form a nng around the upper ends of the fertile cells, 
which are 3-4 cells below the tip* Two to three whoils m sucoesston 
are borne by each filament Each sporangium oocuii on a unicellular 



Fig 1 QnffiiSma tonuM C Ag , showing branching X 16 9 

Fig 2 Qnffifhw cuhcytindnca Okam Upper part of a branch X 16 9 

Fig 3 Onffiihita tvbeyltndrtca Okam Two groups of tetraaporangia 
X2116 

Fto 4 Chiffithna japontea Okam. Upper part of a spermatangial plant, 
•bowing branching and apermataagial dusters with involucre X 25 4 

Fig. 6 Cfnffiihita Tmg, vp nov A young plant X 10 6 
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clavatc or pynform pedicel, 3(M0 m m diameter and 1 5-2 0 diameters 
long Neither male nor female plants are foimd The plant is dark 
purphsh red, and adheres to paper upon drying 

Hc^Uxi ’ — On sand-covered rocks, at edges of rock pools in the 
littoral region, Tungshan Island, Fukien, in June {Tseng 1898)^ 
Hainan Island Yiugkehai, m Apnl-May (Tseng 971) and February 
(Tseng 8369)^ Bakloi, in May (Tseng 1034), &ud West Island, Sama, 
in January (Tseng 8851) 

DxsinbuJLion — Widely distributed in ivarmer and tropical seas 
2 Onffiihsta subcyltndnca Okam 

(Fiffures 2-3) 

Okamura, On the Algae from the Iitland Hstidyo, 1030, p 00, pi 8 

Plants of this species form dense caespitose tufts to 10 cm high 
They are attached to the substratum by means of unicellular rhisoids 
emitted by the basal cells The branching is subdichotomous and 
fastigiate-erect with very narrow angles (Fig 2) The cells arc 
subcylmdncal to clavate, about 400 fjL in diameter and 4-12 times 
as long Tetrasporaiigia arc* sphencal, being about 80-85 m m 
diameter when mature, and are in groups of 3-6, each group with a 
common pedicel (Fig 3) These pedicels arise vertuallately on the 
upper ends of fertile colls The tetrasporangial groups are iiivolu- 
crate with simple short, incurved cells which onginate directly from 
the articulations Sexual individuals are not found The plant is 
brilliantly purplish red when living and firmly adheres to paper on 
drying 

Habitat — On rocks in th(* upper aublittoral region and exposed 
to strong currents, Yingkehai, Hainan, m February (Tseng 8879) 
and Apnl-May (Tseng 884, 087) 

Disiribittton — Hatidyo, Japan 

3 GnJffUhsta gapantca Okam 
(Figure 4) 

Okamura, leones of Japanese Algae, VI (4), 1030, p 28, pi 270 

Plants of this species form erect tufts epiphytic on algae and 
hydroids They are subdichotomous, fasUgiatc-crcct and flabellate, 
with the upper branches very closely applied to one another (Fig 4) 

* For the different fegions on the China coast see Tseng, 1080, pi VI 
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Chinese Species of Onffiihsta 

Attached to the substratum by basal rhizoids, they sometimes also 
develop lateral rhiaoids, which issue from the upper parts of the 
frond The cells are subcylmdrical below and subcylindncal to 
strongly clavate above They reach a maximum diameter of 520 p 
in the broadened upper portions of the cells, generally, however, they 
are 300-400 ju in diameter and 2-3 times as long above and times 
as long below Only spermatangial plants have been collected at 
Amoy Spermatangia are densely clustered m whorls around the 
upper ends of the fertile cells, generally tlie subtemunal ones They 
are surrounded by an involucre composed of sixteen or more incurved 
subcylindncal cells, about 100 p in diameter and 2 -3 times as long 
(Fig 4) The terminal cell above the spermatangia often drops off, 
and the spermatangial clusters seemingly terminate the branchlcts 
The plant is purplish red and adheres firmlv to paper on drying 

Habitat — On algae and hydroids in the lower littoral region, 
Kukwang, Quimoy, Amov, m August {Teeng 2Q6S) 

Dieinbutton — Kyushu to Matsushima, Japan 

Although the wntei has only the spermatangial plant on hand, 
he does not hesitate to «'fcr his plant to the Japanese specicH Ac- 
cording to Okamura, the author of the species, it is so closely relatiHl 
to the European G Schousboet Mont that he liimself is very uncertain 
whether or not it is distinct from that specips, and it seems that 
Okamura {loc cit , p 29) proposed the species on a dwtnbutional 
basis rather than on morphological characteristics “Considenng, 
on the one hand, that the present plant is in far remote waters 
from the type locality, and on the other, that I could not find any 
paper reporting the occurrence of G Schotuboet or its variety in the 
Pacific Ocean, as far as I am aware, 1 think better to take the present 
plant as a distinct species If not a new species, a variety?” 

If this is the actual reason, no one would be justified in desrnl)- 
ing the plant in question as new! Fortunately, 0 *japonica Okam 
appears to be a very characteristic plant, at least according to the 
writer's interpretation of it It is distinct enough from G Schou^oet 
Mont , which is thicker (to 1 mm m diameter), nonflabellatc, with 
broader angles in the upper dichotomies, and has its upper colls 
typically oval to globular, hke 0 eoToUtrundea (L ) Batt ( - G 
coraUim (Lightf ) C Ag ) The development of tetrasporangial in- 
volucral C/eHs on normal branches ui some plants of the present spe- 
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cies seems not to be met with m the European spcaes, Okamura 
hae brought out this difference also The writer is thus inclined to 
interpret the present species as rather remotely related to 0 SchoiUh 
boet Mont On the other hand, it seems to be far more closely related 
to Q opurUtotdea J Ag, which, however, has cells much longer 
(4 4} diameters long), somewhat smaller and less clavatc, and branches 
not BO closely applied to one another 

Okamura, loc cit , quoted Yendo’s record (1014, p 277) of Q 
Schow^oet Mont as referring to the present species Since Okamura 
may have an entirely different conception of G Schousboe% and since 
the writer has not seen the plant on which Yendo basi'd his report of 
G Schous^oetf the authentic specimen of which he claims to have 
seen, Okamura’s interpretation of Yendo's record will not be followed 
for the time being 

4 Gnffiiheia rhizophara Weber- van Bosse 
Weber van Bosse, Liete des algues du Siboga, III, 1923, p 313 

This species has a tufted frond to 2 5 cm high, wluch is sub- 
dichotomous, fastigiate, and flabellate The branching is quite 
profuse; young branches are characteristically furcate and con- 
vergent, like members of the genus Ceramium Cells reach a max- 
imum diameter of 450 p They arc subsphencal to ellipsoidal, 1-2 
diameters long above and cylmdneal, elongated 2-6 diameters 
farther down The few specimens collected arc all stenlc 

Habitat —In rock pool at lower littoral region, Ymgkehai, 
Hainan, m February (Tseng ^10) 

Distribution — Ceylon, Malay Archipelago 

The vegetative condition of this plant resembles so much the 
alga from Malay and Ceylon, as desenbed in detail by Weber- van 
Bosse, that the writer feels justified in classifying it here He was at 
first inclined to treat it as a stenlc environmental form of the next 
species, which is desenbed as new Since these plants were collected 
in similar habitats, at the same time, and in the same locality, the 
environmental factors cannot account for the differences The 
wnter has also found G Metcalfii, sp nov, in vanous stages of 
development, but has seen nothing similar to this Moreover, the 
profuseness and the regulanty of the subdichotomous, fastigiate, 
flabellate branches of this species do not occur in the new species 
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The plants collected are sterile, however, and the wntcr has not 
been able to study authentic specimenH of the Ceylon-Malayan 
plant * Consequently the determination must be tentative 

5 Griffithsia Metcalfli,'* sp. nov 

(Figures S--^) 

Frons parva, cacspitosa, ca 2 5 cm alta, bene momlifonnis, 
ramosa irregulantcr in latenbus vel subdiohotome, cellulis spliaencis 
vel subsphaenciB vel ellipsoidahbus m parte supenore majoreque, 
ad 1 2 mm latis, 1 0-1 5-plo longis, in parte infcnore ad basim 
frondum vel ramorum saepe subcyhndncis, multo angustionbus sed 
longionbuB, ad 400 m latis, 15-3 0-plo longis, pemcilh numerosi ad 
apicem cellulanun supenonun, sporangia sphaenca, tetrahedrahter 
divisa, ca 80 M lata, circa apicem cellularum fertilium verticillata, 
sohtana vel 2- 3-Bggregata in pedicclhs brevibus, cellulis involucra- 
libus 1-2 mcurviB praedita, ca 80 p latis, vulgo 3-plo longis, sperma- 
tangia ad apicem cellularum fertilium aggregata, haud terminalia, 
plerumque 2-5 cellis ab apice remota, nuda, sine mvolucro, cysto- 
carpia lateraha ad apicem cclkrum fertilium, protecta 6-6 celluhs 
mcuTvis involucralibus, ca 100-200 p latis, 3-4-plo longis, carpo- 
sporae pynformes ca ^ yu latae, 40 p longa 

Specimen typicum Yingkehai, Hainan, May 1, 1034, Tseng 9S8, 
in herb C K Tseng 

This plant forms small tufts to 2 5 cm high The frond as a 
whole 18 very strongly momhform throughout (Figs 6, 9) It is 
rather irregularly and spanngly branched, the branchmg being lateral 
or aubdichotomous The attacliment to the substratum is generally 
effected by means of basal rhisoidal iBlaments (Fig 5) Lateral 
rhieoids usually issue from the decumbent cells, helping with the 
anchorage Branches of the same frond sometimes attach ia each 
other by means of short unicellular tenacular cells, and the frond 

* Feiguson's Ceylon Algae No 316, on which O rhtsophorA Weber-van Borne 
was based, as w^ as Mme Weber’s Siboga specimens of thu species, are not 
available m this country Search for it has be^ made m vam In the herbaria of 
the New York Botanical Garden and the University of Califorma and in the 
Farlow Herbanum, which are wdl known for the nchnim of their algal coUeotions 

* This species 18 named after Professor F P Metcalf, curator of the herbarium 
of Lingnan Umversity* Canton, China, by whose help the writer was enabled to 
carry out hu first and second trips (In IUBB and 1084) to the flonsticaUy interest- 
ing itfand of Hainan, where this and many other new and rate plants were 
coUeoted 
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Fig 6 Gn#^na Metealfii Tflong» sp nov Three 
groups of ietraeporangia, showing different stages 
^ (hivelopment of sporangia and mvolucral oeUs 
X2I9 

Fjq 7 OrtffiUuia Metcc^ Tseng, sp nov Upper 
part of a spermatangial branch, showing sperma- 
tane^al clusters X 17 5 

Fig 8 Gr^^sta Meia^t Tseng, sp nov A young 
cystocarp X 127 
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thus becomes more or less inextncably mterwoven below In the 
major part of the frond the cells arc sphencal to subsphcncal, some- 
times ellipsoidal, subrylmdrical cells are found only at the very base 
of the branches of the frond The beadlike cells reach a maximum 
diameter of 1 2 mm , and are usually 1 0-1 5 times as long, the 
subcylmdncal ones are much thinner and longer, as a rule about 
400 fi m diameter and 1 5-3 0 times as long The cells are generally 



Fia 0 Onffithaui Mekalfit Tseng, sp nov lype specimen X 2^ 


largest in the middle portion of the frond or somewhat higher, and 
attenuate toward both apex and base The cell wall lA rather heavy, 
reaching ^ p \n thickness Both young and mature hair clusters 
are common around the shoulders of the upper cells, they are di- to 
polychotomously branched, like those of other members of this genus 
Tetrasporangia are sphencal, tetrahcdrally divided, to 80 in 
diameter Numerous sporangia form nnp around the upper ends 
of tile fertile cells They occur either singly or in twos or tiirees on 
short pyriform to subeylmdrieal pedicds growing out from the 
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fertile cells Besides the sporangia, each pedicel also gives nse to 
one or sometunes two incurved, club-shaped involucral cells, about 
80 M m diameter and generally three tunes as long, which subtend 
the sporangia within (Fig 6) Bpcimatangial clusters are not ter- 
minal They are found around the upper ends of the fertile cells, 
which arc generally the second to the fifth rolls below the apical cell 
They are naked, without mvolurro (Fig 7) Cystocarps occur 
laterally at the upper ends of fertile cells, each protected by 5-6 
incurved involucral cellff (Fig 8) These are different from the 
sporangial involucral cells in shape and size, and are much larger 
below but smaller upward, being about 100-200 m diameter and 
3-A times as long In the development of the fertilized carpogoniol 
branch the supporting coll cute off another, forming the auxiliary 
cell, as in the ease of Q coralhfia investigated by Kylin Carpospores 
when mature are subsphcncal to pear-shaped and are about 30 ju 
broad and 40 long This plant is rather soft and is light purplish 
red, it adheres firmly to paper on drying 

Habitat — On sand-covered rocks in rock pools m the littoral 
region, Hainan Yingkehai, m May (Tseng 938, type) and in Fcbni- 
ary (Tseng 3433), P6-ngau-kang, Lohwei, m December (Tseng 1890) 

The present species resembles the Japanese species G coacta 
Okamura (1930a, p 99, pi 9) so closely that the writer was first 
tempted to identify these specimens with it A strong similanty is 
found m the emission of lateral root fibers from lower articulations 
and the occasional pn^senco of tenacula between some filaments of 
the same frond A more careful study of this species, however, 
reveals some differences, the most important of which is the presence 
of involucral cells wluch arc absent in the Japanese plant, as may be 
clearly seen in the illustrations and description of that species by its 
author (Okamura, loc <nt,p\ 9, f 9) The absence of involucral cells 
m the Japanese species is emphasized and used as the characteristic 
differentiating it from other species, m the key to the Japanese 
species of GnflBthsia m Okamura's manual of Japanese algae (Nippotir 
katsdst, 1936, m Japanese) The spennatangia as well as the 
cystocarps arc not desenbed for the Japanese plant and hence 
comparison of these structures is not possible ^ far as the de* 
scribed vegetative charaotenstics are concerned, the Chmese plant 
seems much more strongly and regularly momliform and much 
greater m diameter than the Japanese one Moreover, the pieeent 
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species 18 certainly not “dirhotomo-fastigiate in upper branches/’ 
though that is rharac^tcnstic of the Japanese plant 

Another closely related species is G rhizoph^ra Weber-van Bosse, 
which has also been found m Chinese waters (see p 110) As al- 
ready indicatfHl 111 the key and stated in the disc ussum of that spe- 
cies, the characteristic difference is that the Ceylon-Malayan plant 
IS fastigiate-flabellatr, with young branches typically convergent- 
furcate, whereas the Chinese plant is definitely not so (sc'o Fig 9) 
6^ ghbxdtfera Harv of Atlantic North America and G corallinmdea 
(L ) Batt of Atlantic Europe arc also closely related to the pn^sc'iit 
species They aie, however, much more (>legant sjiccies, with 
regularly and profusely dichotomous fastigiate branches and generally 
longer articulations Further, G glohultfera Harv diffc^rs m its 
capitate spermatangial clusticrs and the involucral cells of the tetra- 
sporangial ring, which arise directly from the fertile branch cells, but 
in the present species the spermatangial c lustc'rs are not terminal, and 
the in\olucral cells originate from the pedicels, which also give rise 
to the sporangia 

f Bubsecunda, f nov 

Rami conspicue subsc»cundi Specimen typicum Seven Stones, 
P6-ngau-kang, Hainan, April 2fi, 1937, Taertg 1^604, m heib C K 
Tseng 

This form differs from tlie typical species just described in having 
predominantly subsecund branching, a more elongated frond, to 
6 cm long, and somewhat smaller, but generally longer cells, which 
arc usually more ellipsoidal than sphencal Rhiaoid^ filaments are 
also much more frequently met with, they issue unilaterally like the 
branches Plants of this form grow more or less prostrate on sand- 
covered rocks, whereas those of the typical species grow erect in 
rock pools, this may account for the vegetative differences found 

Hdtiilat — On sand-covered rocks in the littoral region, Seven 
Stones, P^ngau-kang, Hainan, m Apnl {Tseng ^ 604 , type) 

BUMllARY 

To date no Gnffithsia has been definitely reported from the 
China coast, although there is a doubtful record of G coralhna by 
Burnett Five species are identified in the wnter’s collections of 
this group of plants All these materials come from the South Chma 
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coast — from Amoy, Fukien, down to the inland of Hainan, Kwang- 
tung One species, 0 Metcalfii, is here dcecnbed as new, it belongs 
to the G eoralltnotdeB ( ■* G coraifena) group A new form, f suftae- 
cunda, of this new species, is also described Of the remaining four 
species one (Q (enuta C Ag ) is widely distributed m warmer waters, 
another (G rhtzophora Weber van B ) was formerly known to occur 
only in Ceylon and the Malay Archipelago, the remaining two 
(G japontca Okam and G suhcyhndnta Okam ) have hitherto been 
known only from the southern pari of Japan 

The writer wishes to express his thanks to Dr Wm Randolph 
Taylor, professor of botany, the University of Michigan, under 
whose direction the present study has been earned on 
UNivaasiTY or Micuioan 
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CYTOLOGICAL STUDIES ON SPIRONEMA 
FRAGRANS LINDL AND CERTAIN 
OTHER COMMELINACEAE 

SU-HBUEN WU 
Introduction 

S PIRALIZATION and tbo l)ehavior of chromosomes m Trades- 
cantia have been studied m considerable detail by many cytol- 
ogists (see Kuwada, 1932, 1938, Nebcl, 1932a, 1932b, 1933, 1935, 
Kuwada and Nakamura, 1933, 1934a, 1934b, 1935, Sax and Hum- 
phrey, 1934, Neliel and Rutile, 1935, 1936a, 1936b) Spironema 
and others of the Commehnaceae, however, seem to have been some- 
what neglected, nor has the nucdeolus of the Commehnaceae been 
much discussed The present study deals fully with the structure 
and behavior of the mitotic and meiotic chromosomes of Spironema 
fragrane Lindl , reports the origin and the development of the nu- 
cleolus, and analyzes the relationship between the chromosomes and 
the nucleolus 

This study, undertaken m the Department of Botany, University 
of Michigan, was conducted under the direction of Prtifessor Wm 
Randolph Taylor, to whom the writer is greatly indebted for valu- 
able suggestions and helpful cnticism She also wishes to express 
her appreciation to Dr J T Baldwin, Jr , for assisting m revision 
of the manuscript 


Materials and Methods 

jSptronema fragrana I^ndl was chosen for detail^ analysis be- 
cause of Its large chromosomes and its many rapidly growmg roots 
NeodonneUta grandiflora Rose and Rhoeo dtacolor Hance served only 
as supplementary material R discolor has two forms one with 
leaves which are dark purple beneath and the other with leaves green 
on both Bides The latter was the form investigated 

For studying the chromosome number and morphology the 
permanent root-tip smear method of Wannke (1935), the modified 
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root-tip HHiear method of Brown (1937), and the modification of 
LaCour’s root-tip nmear method for the Fculgen “nuclear reaction” 
by Mensinkai (1939a) were tried All yit'lded satisfactory results, 
but the last two wei*e superior, for they gave sharper differentiation of 
the chromatic elements Because of difficulty in obtaining many 
polar views of metaphase plates in smears, the present study is 
almost exclusively based on preparations made by the paraffin 
method, smears were used only for Bt»lccting material 

It was not easy to secure adequate fixation, especially for the 
chromosomes between lat^i prophaae and anaphase A number of 
fluids were employed Bourn’s, LaCour’s 2BE mixture, Navashin’s, 
Flemming’s strong solution, Hermann’s, and Taylor’s modification 
of Flemming’s fluid In general the last three gave the best results 
Addition of maltose or urea produced little improvement The 
writer modified the Flemming type* of fixative by mixing equal parts 
of 1 per cent chromic acid and glacial acetic acid, to 5 c c of which 
were added 2 c c of 2 per cent osmic acid m 1 per cent chromic acid 
The spiral nature of the chromosomes was exhibited after two hours’ 
fixation with this fluid None of the fluids mentioned, however, re- 
vealed clearly the internal structure of mitotic chromosomes at 
metaphase and anaphase Pretreatment by exposure of root tips to 
vapors of concentrated HCl or HNO^ was advantageous for showing 
tins internal structure Proper duration of exposure was determmed 
by experiment With HCl, exposures producing equally good re- 
sults varied from 30 seconds to 2 minutes, after an exposure of 5 
minutes no clear figures could be found HNOs reqmred 16 minutes 
The root tips were washed m distilled water for 30 minutes after 
the exposure, then fixed with one of the fluids mentioned above 
Fixation was followed by washing and dehydratmg, embedding m 
paraffin was done in the usual fashion 

Sections were cut from 6 to 12 m in thickness and stained with 
iron-alum-homaioxyhn Newton’s gontian-violet method and Smith’s 
modification of this techmque gave good results, too, but neither was 
found to be as practical as hematoxylin The Feulgen stain, pre- 
pared after Coleman (1938), who used Nont as a decolonang agent, 
was also employed Sections treated in this way afforded excellent 
differentiation of chromosomes against a colorless background The 
solution ^owed no change even after three months Light Qieen 
was occasionally used as a oounterstain. 
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For the study of moiotic chromosomes the smear method of 
Taylor (1924), m con]unciton with the fixing fluids mentioned above, 
was employed exclusively It proved to be the most satisfactory, 
although the author’s modification of Flemming’s method was better 
for demonstrating the doubly coiled nature of the chromosomes 

Obsbrvationb 

I SOMATIC DIVISIONS 

A Number and Morphology of the Chromosomes 

1 Sptronema fragrans Lindl — Darlington (1929), in a study of 
Tradescantia, dcscnbed the chromosome morphology of Spironema 
fragrans as two pairs of long chromosomes each with a submedian 
constriction, one pair with two submedian constrictions, and three 
pans with subtermmal constnctions, the shortest pair having satel- 
lites Anderson and Sax (1936) reported in microsporc nuclei of 
this species two chromosomes with median or submcdian constric- 
tions and four with subtermmal constnctions In the present 
matenal there are six pairs of chromosomes in root tips Chromo- 
somes aa, and ciCi are large, with submedian constnctions No 
satellites or secondary constnctions were observed (PI I, Figs 1-5) 
The a and b pairs correspond to the two pairs of long chromosomes 
in Darlington’s dcscnption The c pair ore heteromorphic and 
correspond to Darlington’s third pair of chromosomes, but here no 
secondary constnctions were observed One of the e pair of chromo- 
somes, Cl, has a constnction about one third of the way from one 
end (PI I, Figs 1-4) This chromosome is more or less nng-shaped 
at metaphase At anaphase its two arms straighten out, but the 
longer arm still bends slightly inward (PI 1, Fig 4) The Ot chromo- 
some IS smaller than Ci and has a subznedian attachment Its two 
arms are parallel to each other at early metaphase ^(Pl I, Fig 3) 
and form a V-shaped chromosome at anaphase, with one arm slightly 
shorter than the other (PI I, Fig 4) 

Richardson (1934) reported that in one slide of Sptronema fra- 
grans an extra fragment was found to lie sometimes very close to 
one of the submedian bivalents Darlington (1929), Koller (1932), 
and Whitaker (1936) have observed fragments and unequal pairs 
of chromosomes in Tradescantia Darlmgton attnbuted the inequal- 
ity of these chromosomes to a loss through fragmentation In the 
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present matenal there is no direct evidence for fragmentation except 
in one instance in a preparation pretreated with HCl chromosome Cx 
shows a secondary constriction in its longer arm (PI Fig 33a) 
If dimorphism of the c pair of chromosomes was caused by a frag- 
mentation in chromosome this fragmentation imght be expected 
to have occurred in the region of the secondary constnction Such a 
secondary constnction was not observed in ordinary preparations, 
however The abnormality may represent a hybnd charai ter 

The ddy ce, and ff pairs are short chromosomes with closely sub- 
tenmnal constnctiona (PI 1, Figs 1-4) It is difficult to distinguish 
among them by sisc or morphology (])areful study shows that one 
d chromosome bears a single satellite at the distal end of the short 
arm, but this SAT chromosome is not much shorter than the other 
subtermmal chromosome, as was true of the SAT chromosome 
desenbed by Darlington The other d chromosome has two satellites 
in tandem The distal satellite is usually larger than the proximal 
one (PI 1, Figs 1, 6, 8), occasionally they are equal in size (PI 1, 
Fig 7) or the proximal one is larger than the distal (PI 1, Fig 9) 
If the interpretataon of Mensmkai (1939b), that the SAT filament 
IS a continuation of the chromonema and that the satellite is a spiraJ- 
ized end of the chromonema, is valid, it can be applied to explain 
the difference m size of the tandem satellites as due to the fact that 
the gyres contract differently in fixation At anaphase, however, the 
two daughter chromosomes of the tandem SAT chromosome often 
show the same difference m number of satellites as the d pair of chro- 
mosomes at metaphase (PI I, Figs 8-9), i c one daughter chromo- 
some bears one satellite and the other two, in tandem This suggests 
that one of the satelhtes may not have spht The dissimilanty of 
the two members of the d pair of chromosomes seems to be another 
piece of evidence for the hybrid nature of the stram of jSptronema 
fragrana used m the present work Chromosomes heteromorphic 
with respect to the presence or the absence of the satellites or m 
regard to their size have also been observed m Qalanthus (Sat6, 
1937b), in Lobelia (Okuno, 1937), in Allium and Tnlhum (Mensmkai, 
1939a), and in Crocus (Pathak, 1940) 

2 NeodanneUia grandiflara Rose — This plant appears not to 
have been previously investigated The chromosomes are compar- 
atively small and num^us m the root tips 2a - 82 (PI III, ^gs 
14-16) Two pairs are shfj^tly submedian m attachiwt, and the 
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rest are all Bubtcrminal and arbitranly divisible into three classes 
according to size three pairs of larger chromosomes, two pairs 
having terminal satellites on the short arms and the satellites of one 
pair being smaller than those of the other (PI II, Figs 10-11), five 
pairs of medium-sized chromosomes, without satellites, and six pairs 
of small chromosomes, one pair with terminal satellites on the short 
arms There are, however, no sharp distinctions between the succes- 
sive classes The gradation m size from the largest to the smallest 
chromosomes is apparent m Plate 11, Figures 10 11 

3 Rhoeo dtacolor Hance — According to Darlmgton (1929), in 
the somatic division of Rhoeo da^co^r there are four chromosomes with 
the short arm less than half the length of the longer one and eight 
chromosomes submedian in attachment Sax (1935), in a study of 
the meiotio chromosomes of R discolor ^ stated that six of the twelve 
chromosomes m the nng are distinctly hcierobranchial, but Anderson 
and Sax (1936) desenbed, m the microspore nuclei, two chromosomes 
with suhterminal fiber-attachment constrictions and four with 
median oneB In the present matenal three pairs of the chromosomes 
have more or less median fiber-attachment constrictions, and the 
other three pairs have the fiber-attachment region at about one 
third of the distance from one end, with one pair of this latter group 
bcanng satellites (PI II, Figs 12 13, PI III, Fig 17) Darlmgton 
observed that the two SAT chromosomes are dissimilar and that one 
chromosome has a second eonstnction, but this is not true of the 
matenal at hand The only dissimilanty observed by the writer is 
that often one of the medianly consincted chromosomes is somewhat 
nng-shaped at metaphase, no difference in size or in structure was 
seen (PI III, Fig 17) The satellites were not clearly observed in 
anaphase (FI III, Fig 18) 

B Chromowme Sinicture and Behamor %n Spitonma fragrana 

1 Prophaaea — In early prophase more or less regularly coiled 
threads evenly distributed throughout the nucleus are observed 
In most instances the spirals appear as single coils (PI IV, Fig 22), 
but occasionally, m the same nucleus, their duality can be seen in 
certain parts (PI IV, Fig 23) It later becomes clearly evident 
that the spirals are double; tb^ are m reality the sister chromatids 
formed at the last premetaphase Still later the nuclei become much 
larger, the nucleoli are near the nuclear center instead of being in 
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the region of the poles, as at telophase, and anastomoses between 
paired chromatids occur less frequently, if at all The sister chro- 
matids are onented as at telophase (PI IV, Fig 24) The matncal 
material is not evident at this stage, the suggestion being that it oon- 
tnbutes to the formation of the nucleoh The coils of the chroma- 
tids now stretch considerably, and the double spirals are more clearly 
and regularly apparent (PI IV, Fig 25) Next the sister chromatids 
gradually draw close together (PI IV, Fig 26), this approximation 
being accompanied by a general contraction of the chromosome 
An untwisting and a relaxing of the coils are also noticeable at this 
stage (PI IV, Fig 27) Contraction with relaxation of the old spi- 
rals IB caused by new spirals within them, which bring about an inter- 
nal twist of the chromatid, the new spirals are not visible until late 
prophase They may bo colled minor spirals,*’ corresponding to 
the minor spirals observed in meiosis As contraction continues the 
chromosomes become tliicker, and each chromatid assumes a corru- 
gated appearance, which is the first sign of the minor spirals Mean- 
while the chromatids have untwisted rapidly One can find (PI IV, 
Fig 29) a longitudinal splitting throughout each chromatid of one 
chromosome, while the chromatids of another chromosome exhibit 
only an untwisting m certain parts In later stages, seldom in early 
ones, a differentiation of the chromonemata and the achromatic 
matrix is seen The matncal matenal gradually mcreascs and, when 
stained, obscures the duality of the chromatids 

2 Metaphaae — As the nuclear membrane disappears, the indi- 
viduality of each chromosome is quite apparent, and the chromo- 
somes become aligned at the equatonal plate, their fiber-attachment 
regions being toward the center of the plate and their arms in the 
axis of the spindle Relaxation of the rehc spirals has been com- 
pleted, but relational coiling can still be observ^ at early metaphase 
(PI V, Fig 32) In preparations pretreated with HCl or HNOs 
the duality of the chromatids can be clearly seen Each consists of 
two chromonemata, the metaphase chromosomes are quadnpartite 
(PI IV, Fig. 30) 

RdaxaUon of relational coils seems caused by the formation of 
mmor spirals In certam parts of the chromosomes, where mmor 
spirals are observed, there are few relational coils, m other parts, 
where no mmor spirals appear, more relational twists remam (H IV, 
Fig 20) This relaxation is completed by the time the mmor spirals 
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reach their full expression The untwisting and the development of 
the minor coih proceed from the ends of the chromatids toward the 
pnmary constnction, as is clearly shown in Plato IV, Figure 29 

3 Artaphaaea — Each anaphase chromosome consists of two 
sister chromatids intertwined (PI IV, Fig 31, PI V, Fig 33) At 
this stage the satelhtes and their filaments are smgle (PI V, Fig 
33b) The matnx can be seen dearly at both metaphasc and ana- 
phase, but it IS usually not uniformly distnbuted, probably because 
of variations m the effectiveness of the pretreatment 

4 Telophases — The chromosomes become massed together as 
they reach the poles The chromosome structure, though obscured, 
18 the same as at aimphase, as can be seen m the arms of the cliromo- 
somes which project from the mass Soon the chromosomes begin 
to expand in their distal parts, where they have the form of two 
intertwined spirals (PI V, Fig 34) At this point, because of their 
expansion, the mdividuahty of the chromosomes is again apparent, 
and — in spite of a decrease in stainability — their spiral nature is 
clearly revealed (PI V, Fig 35) The karyolymph is differentiated 
at this stage, and a nuclear membrane is formed alxnit each daughter 
chromosome group Nucleoli are developed at the proximal ends of 
certain chromosomes Anastomoses appear between the chromo- 
somes One baa the impression that when the chromosomes draw 
apart from each other after bemg once closely appressed, intercon- 
nections remain In certain parts of the chromosomes there is a 
single helical spiral, m other parts double spirals are mtcrtwined 
(PI V, Figs 35, 39) The chromosome's arc prominently onented at 
telophase (PI V, Figs 36-89), a condition which results from the 
anaphasic arrangement of fiber-attachment regions toward the poles 
when the aims of the chromosomes are spreadmg behind This 
disposition of the chromosomes is kept until prophase 

6 Interphase — Interphase is charactenzed by a so-called “re- 
ticular” aspect arising from a further expansion of the telophase 
chromosomes As expansion contmuea the spirals are much loosened 
and the dyads become extremely thin At points where anastomoses 
are drawn out and where two chromatids intertwine thickenings 
occur, so that the nucleus has a knotted aspect Later these dyad 
thread get thicker, and the anastofiioses are lost This increase in 
thickness is probably accompanied by contraction of the chromo- 
some as a whole, and the contraction bnngs the sister chromatida so 
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close together that they give the appearance of being mngle spirals, 
as they do at early prophaae 


C The Nucleolue 

Van Camp (1924) considered that the nucleolus arises m telophase 
from small granules which flow together Marshak (1931) described 
a close relationship between the chromosome matnx and the nucleolus 
substance Gates and Pathak (1939) also observed the nucleolus 
to onginatc, in Crocus, as small globules, but at a particular region 
of definite chromosomes Recent investigators (Nandi, 1937, Satd, 
1939, Jacob, 1940, and Pathak, 1940) have reported small granules 
which are present in early telophase chromosomes and which con- 
tnbute to the formation of the nucleolus These workers, in con- 
tradiction to v^an Camp and Marshak, consider that the small 
granules aggregate in nucleoU-organizmg regions of the SAT chromo- 
somes and form a definite number of nucleoh under the influence of 
these regions, as described by McCliutock (1934) 

Heitz (1931a) postulated that all plants have satelhtes or second- 
ary constnctions from which nucleoli anse The nucleoh are corre- 
lated witli the satellites in number, size, and position Heitz (1931b) 
found, however, in Vtcta faba and V monanthos, which have only 
two SAT chromosomes, instances m which a micronucleus, formed 
from a single lagging chromosome without a satellite, had a nucleolus 
This implies that even when the SAT chromosomes are absent 
nucleoli will arise Matsuura (1938) ol^served that, whereas in 
Parts /texapA|/IZa the nucleolar development is related to the SAT 
chromosomes, in TnUturn kanUBchaitcumf where there are neither 
SAT chromosomes nor secondarily constneted chromosomes, the 
nucleolus nevertheless ongmates at given ends of certain chromo- 
somes He also reported, in an abnormal individual, that each 
chromosome formed a micronucleus and developed its own nucleolus 
Satfi (1936a, 1936b, 1937a, 1937b, 1938), basing his opuuon on a 
senes of investigations dealing with the relationship of the nucleolus 
and the SAT chromosome, agreed with Heitz’s hypothesis In 1938 
he observed, however, that there are two SAT chromosomes m some 
species of Leucojum and Steml^rgia, but four nucleoh m the same 
plants All the evidence mentioned above shows a tendency to 
revision of the interpretation assigning the origin of the nucleolus to 
a particular chromosome pair and to a consideration of it as a funo- 
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tion of the chromoRomefl aR a whole Since all these facts wore 
observed in abnormal indniduals, however, most investigators are 
still m agreement with Heitz's hypothesis 

1 The relahon of nucleolus and chromosomes — There ib only one 
pair of SAT chromosomes in Spironema fragrans, but as many as 
tha^c nucleoli aie present at telophase (PI V, Fig 38) At prophaso 
and metaphase commonly one, very often two, occasionally three, 
nucleoli are to be seen (PI IV, Figs 22, 24-^27, 29) A striking fact 
IS that, at metaphaRc, a nucleolus may be attached to a submedianly 
constneied chromosome without a satellite Similar attachments 
were frequently found at later Rtnges (PI VI, Fig 46) The nucleolus 
ifl sometimefl related to chromosome a (PI VI, Fig 46), at other 
times to otlier chromosomes to chromosome 6 (PI VI, Fig 46) or 
chromosome ci or ct (PI VI, Fig 47), for example The nucleolus 
IB not at a definite locus, though it is always attached to the longer 
arm of metaphasic chromoRomes A relation between the nucleolus 
and the subt'Cnninal chromosomes, including the SAT chromosomes, 
was observed m different nuclei (PI VI, Figs 48 49) It seems that 
any chromosome may produce a nucleolus Often a famtly stained 
membrane-hke structure connects the nucleolus and the chromo- 
somes (PI VI, F'lgs 45, 47, 49) Though the nucleolus remains largo 
and clear in metaphoRc, no nucleolar diviRions have been found 
The nucleolus usually disintegrates in the cytoplasm after detachment 
from the chromosomes 

2 The origin and behavior of the nucleolus — Nucleoli usually do 
not appear before the daughter nuclei are well organized (PI V, 
Fig 36) Afl telophase advances, a nuclear membrane arises, and 
the chromosomes become arranged at the penphory of the nucleus 
with the proximal ends of their arms still onented at the pole Soon 
a nucleolus appears in the midst of the chromosomes (PI V, Fig 36) 
Its relation to the chromosomes can bo seen from a pblar view or, at 
least, from on obhque view (PI V, Figs 36-38) One pair of SAT 
chromosomes is clearly attached to the nucleolus in the region of the 
satelhtes (PI V, Fig 36) All nonsatellitod chromosomes m the same 
nucleus are, however, also attached to the some nucleolus Two 
comparatively large nucleoh and two small nucleolus-like granules 
arc connected to the chromosomes with many faintly stainod threads 
(PI V, Fig 37) These two small granules are considered to be a 
beginmng of nucleolar development, they probably fuse with each 
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other or with oUier colleotionfi of nucleolar material to form a larger 
nucleolus There may be three nuclooh m the same nucleus (PI V, 
Fig 38), and they may be in direct contact with the chromosomes or 
else connected with them by fine threads These observations sug- 
gest that when the fiber-attachment regions of the chromosomes are 
regularly arranged and close together one large spherical nucleolus 
IB formed When they arc loosely and u regularly arranged two or 
three nucleoli may be developed at the same time Incipient nuclei 
usually show the same number of nucleoli (PI V, Fig 39) The 
development of a nucleolus seems caused by the gradual addition of 
nucleolar material arising from the chromosomes (PI V, Fig 36) or 
by mutual contact of small collections of nucleolar material (PI V, 
Rg 37) If the chromosomes remain at the penphery of the nucleus 
the fully developed nucleoli become detached from them and move 
into the center of the nucleus The nucleoli maintain the same 
position through interpliasc and early prophase (PI IV, Fig 24) 

At middle prophase, when the chromosomes become thicker, they 
usually surround the nucleolus (or nucleoli), and are so closely asso- 
ciated that it IS difficult to detect which parts are in contact with it 
This phenomenon is more prommemt in Rhoeo discolor (PI IV, 
Fig ^) These observations indicate a strong affinity between the 
chromosomes and the nucleolus at this stage, possibly there is then 
a transfer of matenal from the nucleolus At later prophase only 
one or two chromosomes, and these not always the same ones, still 
remain m contact with the nucleolus The relation of the nucleolus 
and the chromosomes at prophase is shown in Plate V, Figures 40-41, 
and Plate VI, Figures 42-44 Chromosomes with both submedian 
and subtermmal constrictions and both satellited and nonsatellited 
chromosomes were observed to be attached to the same nucleolus 
(PI VI, Fig 44), or one homologue was attached to the nucleolus 
and the other was near by (PI VI, Fig 43, right), or two nonho- 
mologous chromosomes were related to the some nucleolus (PI VI, 
Fig 42, Tight) It IS interesting to notice that, whatever the arrange- 
ment, the prophasic chromosome is always m contact with the 
nucleolus by the distal end of its short arm The satelhted chromo- 
somes attach to the nucleolus by their satellites instead of by the 
SAT filament (PI VI, Fig 43, kft), as observed by Heitz (1931a) and 
many other investigators Companson of nucleoluH-ehromosome 
relationiahip at prophase with that at metaphase shows a movement 
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of the nucleolus from the distal ends of the short arms of the chromo- 
somes to the distal ends of the long arms When the nucleolus 
migrates from one end of a chromosome to the other, the nucleolar 
material may be evenly distributed through the whole length of the 
chromosomes Apparently the membrane-like connection between 
the nucleolus and the chromosoines is matenal passing from the 
nucleolus to the chromosomes Most investigators hold the view 
that the nucleolus remains firmly attached to its locus of organization, 
or near it, from the time the nucleolus is organized until its dis- 
appearance Scemmgly this is not true of the present matenal 
111 Rhoeo discolor the ongin and the behavior of the nucleolus 
are essentially the same as in Sptronenia fragrana Here, too, there is 
only one pair of SAT chromosomes The maximum number of 
nucleoli IS four The attachment of the nucleolus to each type of 
chromosome has been recogmzed in different nuclei at prophase 
Three chromosomes with almost median constrictions are attached 
to nucleoU as shown m Plate VI, Figure 50 In the submedianly 
constneted chromosomes the nucleolus is usually attached at pro- 
phase to the distal end of the short arm, but occasionally to the long 
arm (PI VI, Figs 61--52) At metaphasc the nucleolus has been 
found only a few tunes (PI VII, Fig 63) Movement of the nucleolus 
from one end of the chromosome to the other is not shown for this 
matenal, but in Plate VII, Figure 53, one can sec the nucleolus 
attached near the middle port of the arm instead of at the end 

U MSIOTIC CHROMOSOME STRUCTURE AKX) BEHAVIOR IN 
aPlRONSMJk FBAGRANS 

A First Meuftic Diviaton 

The spiral structure of meiotic chromosomes, observed m 1880 
by Baranetzky, has been desenbed in many plants , Kuwada and 
other Japanese workers, m a senes of papers, have desenbed the 
chromonemata of metaphase chromosomes as double-coiled " 
Similar reports have been made by Darlington (1935), for Fntillana, 
Bax (1935), for Rhoeo discolor, Nebel and Rutile (1936b), for Trodes- 
cantia refi^ and Trilltufn erectum, and Naithoni (1937), for Hyor 
ctnlAus onentdha Koshy (1934), Hoore (1934), Huskins and Smith 
(1935), Huskms (1937), and other workers, however, regard the 
ohromonema at this stage as single-eoiled. 
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1 Dtahtnens — In Bpironcma, though there arc not sufficient 
preparations for studying earlier stages of meiosts, the double-coiled 
structure is apparently not present m the leptotene chromosome 
(PI VIll, Fig 68) At diakinesis the chromosomes arc so com- 
pactly twisted, and usually so deeply stained, tliat it is difficult to 
analyse the structure in detail (PI VII, Fig 55) Because of the 
evidence of later stages the reticular appearance is considered to 
result from a number of spiraled chromoncmata twisted together, 
and the less-stained substance is thought to be the matnx The 
chromatids arc mutually parallel, with ( orrespondmg gyres arranged 
at the same level, thus producing a regular reticulum As the process 
advances, some of the chromosomes form bivalent nngs (PI VII, 
Fig 54a-c), and others have the two distal parts parallel (PI Vll, 
Fig 54d) In late diakincsis there are three more or less nng-shaped 
tetrads and three cross-formed associations (PI VII, Fig 56) The 
so-called ^'kinetochores^' or centromeres” are clearly seen m 
Plate VII, Figure 56, a pair m each dyad The transition from the 
stage m Figure 54 to that ui Figure 56 must be rapid, for no inter- 
mediate forms were observed The internal structure of the chro- 
matids, at the stage shown in Figure 56, gives the appearance of 
transverse bands embedded in the matnx Under certain conditions 
of distortion this structure — continuous spirals and longitudinal 
splitting of each of the chromatids — can be observed more clearly 
(PI VIII, Fig 62) 

2 Metaphase — Some of the chromosomes begin auaphasic move- 
ment before the others (PI VII, Fig 57), and it is difficult to find a 
complete chromosome set of three nngs and three crosses at full 
metaphase However, three nng-shaped chromosomes from one cell 
(PI VIII, Fig 63) and three cross-shaped chromosomes from an- 
other are illustrated (PI VIII, Fig 64) Sax and Humphrey (1934) 
observed, m Tradescantia, Uiat dunng metaphase the coiled chro- 
matids of each chromosome gradually separate until each homologue 
consists of two separately coiled throat In the present matenal, 
not only do sister chromatids he parallel m mdependent spirals, as 
desonbed by Kuwada (1938) m TradeBcantia reftexa, but sister chro- 
monemata are also side by side before metaphasc The four chromo- 
nemata of each dyad are so arranged that when viewed laterally 
they appear as two When there is a twisting, however, especially 
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at the ends of the chromosome arms, the four-strand condition can 
be clearly seen (PI VIII, Fig GSa-b, PI III, Fig 20 a, f, h) 

The metaphase chromosomes have major and minor spirals The 
major coils gradually increase in diameter as karyokinesis proceeds 
Coiling appears to be unidirectional on a given side of the spmdle 
attachment The minor spirals are too small to be studied m detail 
As the two dyads of the rings gradually separate they disjoin first 
at the distal ends of the short arms and then at the distal ends of tlie 
longer arms (PI III, Fig 20a“ic) rmg-shaped tetrad has two 
constrictions, one apparently the fiber-attaclunont constriction, the 
other subtcrmiual and usually disappeanng in later stages (PI Vll, 
Fig 57) Six submedionly constricted dyad chromosomes are formed 
from the metaphasic ring tetrads (PI III, Fig 19, PI Vll, Fig 57) 
The dyads from each cross-shaped tetrad are rodhke or have almost 
terminal constrictions (PI III, Fig 20h-j) A side view of this stage 
IS sliown in Plate VII, Figure 58 The sister chromatids of each dyad 
separate distally but are still held together at the fiber-attachment 
region (PI VII, Fig 59) Each half dyad consists of two double* 
coiled chromonemata 

3 Anaphases — The anaphase chromosomes move into mirror- 
image positions at the poles (PI Vll, Fig bO) Dunng anaphase 
eight chromonemata m each genunus become discermblc (PI VIII, 
Fig 66) The major coils are more definite five m the long arms 
of the chromosomes with submedian constnctions and of those with 
Bubterminal ones, three m the short arms of the submedianly (‘on- 
stneted chromosomes Generally one or two chromosomes reach 
the poles before the others (PI VII, Fig 60) 

4 Telophases and tnterphaae — Durmg telophase sister cliro- 
matids become parallel, and the four chromonemata interconnect, 
a reticulum anses, and the minor coils of the chromonemata grad- 
ually lose their identity (PI VIII, Fig 66) IndlVldu^|L chromosomes 
now appear, very much as they did at diakinesis, the chromonemata 
being arranged m the same manner as they wore then (PI VIII, 
Fig 69} Later stages exhibit a looser reticulum, involving a multi- 
tude of apparently threadlike interconnections between chromosomes 
(PI VIII, Fig 67), individual chromosomes remain recogmxable 
The chromoBomeB gradually become strongly stamable and compact 
masses (PI. IX, Fig 70) 
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B. Second MeioUc Divtmon 

1 Prophaaea — As prophase of the second meiotic division be- 
gins, the chromosomes unravel from the compact masses, this 
process is accompamed by a progressive loss of stainabihty They 
then expand, become more uniform in diameter, and finally spread 
evenly throughout the nucleus as loosely coiled threads (PI IX, 
Fig 71). In later stages it is not impossible to trace each chromo- 
some for its whole length (PI IX, Fig 72), and all chromosomes in 
a sin^e nucleus may be analysed The split chromosomes have 
threadlike connections at the fiber-attachment region, distal regions 
diverge Chromosome structure and behavior here are much like 
those observed by Taylor (1031) m Gastena In the present ma- 
terial three chromosomes are submcdian and three are subterminol, 
one of tile latter bearmg a pair of satellites No satellites or sub- 
terminal fiber attachments were found m the chromosomes of the 
first meiotiG division, they were probably obscured by the extreme 
thinness of the chromonemata and the abundant matneal substance 

Taylor (1031) found, in Gastena, tiiat a splitting takes place at 
late prophase of the second meiotic division In the matenal studied 
by the wnter the sphtting of each of tiie chromatids was seen to take 
place at late diokmesis and was traced to the first telophase, where 
the two pairs of chromonemata m each dyad merge into a reticular 
structure This four-strand condition reappears optically at late 
prophase of the second division (PI IX, Fig 73) Sister chromone- 
mala at this stage are closely twisted about each other instead of 
bemg mutually parallel, as they were in the first meiotic divisicm 

According to Nebel (1932a), in Tradeacanita refleza four chro- 
monemata are evidently dyad chromosomes from the first telophase 
through the second prophase, where two double spirals are formed 
for every four chromonemata The gyres of the double spirals 
correspond imUally to those of the first meiotic chromosomes, but 
soon the two chromonemata of the double spiral are thrown mto 
secondary spirals, which are very small This seems similar to the 
condition observed m second prophase of the present material, 
though here the formation of secondary spirals probably takes place 
earlier They are considered to occur at the end of the first telophase, 
when the chromosomes draw together and form compact masses As 
the chromosomes emerge from these masses the two chromonemata 
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of each half dyad must be so closely entwined that they appear 
single at early second prophase When the chromoaomea contract 
and ihickcnf the duality is brought out again With the reappearance 
of the secondary spirals the old coils gradually straighten (PI IX, 
Fig 73) Only a few satelbtes were found (PI VIII, Fig 61a, 
PI IX, Fig 72) 

As the process advances, the chromosomes greatly shorten and 
thicken and become diffcicutiated into their constituent matrix and 
ehromonemata The number of secondary spirals is much reduced 
(PI IX, Fig 74) The half dyads may or may not separate before 
the nuclear membrane disappears 

2 Metaphaac — As the nuclear membrane vanishes the dyad 
chromosomes draw close together into apposition and shorten some- 
what (PI III, Fig 21 , PI IX, Fig 75) They he around the edge 
of the plate with their fiber- attachment regions toward the center 
Kuwada and Nakamura (1935), m Tradeacantia reflexa, observed the 
ehromonemata at this stage to be singly coiled and parallel to each 
other In the present material, however, they ore mtertwined, as 
described by Taylor (1931), Nebcl (1932a), and others The chro- 
mosomes of this division are essentially like those of a somatic 
division, though shorter 

3 Anaphases — Anaphasic movement is assumed to be com- 
pleted quickly and the daughter chromosomes onented at the poles 
(PI IX, Fig 76) Two polai views of the anaphase group are shown 
in Plate III, Figure 16 The anaphase chromosomes are usually less 
thick than the metaphase ones, but structurally they are the same 
If examined by ordinary methods the internal structure of chromo- 
somes at second metaphase and second anaphase is obscure Their 
coiled nature and the duality of each half dyad is revealed more 
clearly by preliminary natural desiccation The double nature of 
half dyads at second anaphase has also been described by Taylor 
(1931), in Gastena, Nebcl (1932a), m Tradescantia,*8ax (1935), m 
Rhooo, and Kuwada and Nakamura (1935), m Tradescantia 

4 Telophases — The twnsted condition of the ehromonemata is 
still visible at telophase (PI X, Fig 77) The chromosome mass 
becomes enveloped by a new membrane, the nucleus enlarges, and 
the chromoBomeB lengthen greatly (PI X, Fig 78) The duality of 
each chromosome becomes clearly evident. As the process goes on, 
the chromosome outbno is gradually lost, and eventually the chro- 
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matic structure spreads uniformly throughout the nucleus (PI X, 
Figs 79-80) 

SniiOiiAiiY 

1 Sjntmefna fragrana shows six pairs of somatu* chromosomes, 
of which threc^ pairs are aubmodian and tlirce pairs subterminal One 
pair of the subterminal chromosomes bears satellites Two pairs of 
the chromosomes arc considered to be heteromorphic 

2 NeodonneUta grandtfiorat with sixteen pairs of somatic chromo- 
somes, shows two submodian pairs and fourteen subterminal pairs 
Three pairs of the sublerminnl chromosomes bear satellites 

3 Rhoeo dtHcoloT appears to have six pairs of somatu chromo- 
Romes, with three* pairs having an almost median fiber attachment 
and three pairs having a fiber attachment at one third of the dis- 
tance from one end 

4 The somatic chromosames m Spironema fra/Qram are double 
throughout mitosis and become quadruple in premetaphase In 
meiosiH the lepiotene thieads api>ear to be double Division of the 
(*hromatids tdees place in premetaphase of the first meiotic division 
Each homologous chromosome at first metaphase cxmsists of four 
chromonemata which ap{>ear as four independently double-coiled 
spirals At anaphase each contains a pair of chromatids which 
part along their distal ends and hold together only at the fibc^r-attach- 
ment region Each chromatid of the dyad consists of a pair of 
ehromonemata which are parallel to each other, with their corre- 
sponding turns arrangexl at the same level 

6 At second meiotic division new spirals ore formed which uncoil 
the relic spirals The second metaphase and anaphase chromosomes 
are therefore composed of minor spirals only The duality of the 
second anaphase and telophase chromosomes is clearly visible 

6 The behavior and the origin of the nucleoli in somatic telophase 
were studied in Spitomma fragrana The nucleolar material is con- 
sidered to be co]lect.ed at the fiber-attachment region of each chromo- 
some, and the nucl(H)li were observed to be accumulaUnl in the midst 
of, or m the spaces between, the centromeres of the chromoHomes 
The relation l^tween nucleolus and chromosomes was traced at 
propbase and metaphase m S fragrana and Khoao diacoLor The 
iiucleoh are not particularly attached to the SAT chromosomes or to 
any certain chromosomes The chromosomes were seen to have equal 
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chances of forming nucleoh at telophase, and likewise to have an 
equal chance of being attached to the nucleolus at prophase and 
metaphase A migration of the nucleolus from the distal end of the 
short arm of the chromosome to that of the longer ann, as the 
mitotic process advances from prophase to metaphase, was observed 
in S Jragrans It is believed that the nucleolar substance con- 
tributes to the matrix of the chromosomes 
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SOME RESUPINATE POLYPORES FROM THE 
REGION OF THE GREAT LAKES XIII * 

DOW V BAXTER 

E mphasis on aviation m recent years has focused attention 
on types of wood appropnato for training planes and plane 
parts Among the softwoods the spruces are the most valuable for 
such construction Sitka spruce, P%cea stichensis (Bong ) Carr , is 
of prime importance because of the amount of clear lumber that 
can be obtained from healthy individuals On the other hand, white 
spruce, P glauca (Moench ) Voss, though it is a suitable matenal, 
IS but little used m planes because it does not yield the necessary 
large quantities of clear lumber 

The value of recogmsmg tlic fungi which cause defect m spruce 
wood IS apparent, but, except for certain conspicuous species such 
as Fames ptm (Thore ) Lloyd, F lartcis (Jack ) Murr , Polyporua 
Sckummtzti Fr , and Pol stdphureua (Bull ) Fr studied by l^yce 
(5), it seems that the common fungi on both Sitka and white spruce 
have not been cntically investigated 

Recently, however, Trametes senalta in wood shipped from western 
North America has received attention abroad and also m the prod- 
ucts’ laboratones of this contment Even though the fungus is fre- 
quent on spruce timbers little is known of its extent and occurrence 
in the regions where much of our spruce grows The collections re- 
ported later in the present paper m^oate that it has a wide distnbu- 

* Throughout the work on thew monographs I am indebtedfto many institu- 
tions and individualB for help My appreciation u expressed to Profewon 
T Q Halle and Gunnar fiamuelson, of Naturhutonska Rikmuedot in Stock- 
holm, with whom I have had the pleasure of aaaociation. Thanks ate also due 
the etoffa of the Divtaion of Pathological and Myoological GoUectiona and the 
Dlviaion of Forest Pathology of the United States Department of Agnculture 
I am under obligation, also, to Professor Walter H Snell, of Brown University 
Particular acknowledgment is made to the men who have accompanied me on 
my several expeditiona to Alaska, the Yukon Temtoiy, and Northwest 
Territories Much credit is due them for idding in the collection and care of 
fpeoimens and for living, at tunes, under rather difhoult oiroumstances 
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tion m both the coaBial and the inienor forestB of Aia^ka, the Yukon 
Temtoiy, and the Northwest TemtoneB 

These collections wen* gathered in the* courm* of a comparative 
study of the resupmate polyport^s of the continent, and, consequently, 
no effort was made to investigate specifically the relative abundance 
of the spruce-inhabiting resupinates with reference to the incidence 
of such fungi as Fomea pint and Polyporua Schwnmtztt, yet the 
records do make it clear that they are plentiful c*nough to be con- 
sidered in any study of the rots of spruce woods Furthermore, since 
the data are baaed merely on random samples obtained on the several 
expeditions from 1932 to 1941 they suggest an even greater abun- 
dance of the fungi actually present in the areas 

A number of the species which decay spruce wood an* not, how- 
ever, important agencies of rot in the standing trees, although 
Trameiea aenaha, one form at least, causes considerable defect in 
both standing and down redwood It is not known whether it occurs 
111 other trees which attain large size, but its importance is recog- 
nized in structural timbers, particularly in Bitka spruce Whether 
T aendUa developing in Douglas fir dunng transit is duo to infection 
in the forest tree or in the wood after the tree is felled is a question 
which will undoubtedly receive attention in the future 

Trametea aenaha is often entirely resupmate m its growth habits 
Certain other closely allied polypores frequently resupmate on spruce 
wood are difficult to separate from T aenaha and have been more 
than once identified as that plant This paper deals with T aenaha 
and T, alaskana and, in connection with them, discusses the related 
forms T heleroTnorpha and T vaniformta 

Trametea aenaha Fnes, Hymen Eur., p 686 1874 

(Plate I, Figure I, Plates III-IV, IX) 

Polyporua muiha Fnes, Syst Myc , 1 870 1821 
Fdyparua eaUoaua Fries, iM , p 381 
Polyporwt aoalarta Pen » Myc Bur , 2 00 1826 
Ppna caUoaa (Fr ) Sacc , ^yll Fung , 6 208 1888 
ConMiua amaha (Ft ) Muir , N Am FI , 0 20 1007 
Porta Saguoioe Sonar, Joum For , 20 377 1931 

Fructification conaceous, effused-refiexed or resupmate, laterally 
confluent, frequently for as much as 2 5 feet, surface of pileus 
‘'appresB^-tomentose, aonate 0-2 X 1-88 X 3-08 cm’^ mar- 
gin thin, acute, undulatmg to lobed, conoolorous, margm of 
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rcflupiiiatc plantfci tomentosPi up to 1 mm wide, Btenle at fimt, 
becoming fertile with age, white to ** ivory-yellow” to “honey- 
yellow”, Hubiruliim white, less than 1 mm , and mostly less than 
0 5 mm, thick, tubes 1-8 mm long, often oblique, mouths 
white or “ivor>"-yellow,” to “honey-yellow” to “buckthorn- 
brown ” in old spec'imenB, but usually white or white to yellowish 
and retaining tins color in herbarium Hpoeimens, circular Uy 
angular, 2-4, mostly 2-3, to a mm , basidia hyaline, (5) 9-13 X 4- 
6 5 ju, spores smooth, hyaline, cylmdnc-ellipsoid, 7 9 X 2-3 /i, 



Fjo 1 Distnbutiun of TrameUnt sertalts Fr north of Vam ouver 

• * one collection 

# » two or more colleotiuns 


not guttulaU*, tramal hyphac smooth or incrusted, hyaline, ap- 
parently not branched, Z B -4 fi in diameter, no clamp connec- 
tions, no cystidia, chlamydospores appearing m cultures 
Alhed apectea — There are several resupinate polyponss which are 
readily confused with Trameiea aenaha The difficulties of diag- 
nosis are increased if the collections come from southeastern 
Alaska and coastal British Columbia, since m those regions there 
IS a plant, T alaakana, sp nov (M II), which hears many re- 
semblances to T aenaha. This new species is much thicker and 
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has longer tubes and wider pore mouths than T eenaltB The 
greatest difficulty in separating the two plants will be experienced 
when T cHaekana is young, since then the mouths may be similar 
in Bise in both species Even young specimens of T dlaakana, how- 
ever, are thick, and the mouths and tubes become large The two 
fungi may be distinguished readily in culture (see page 146) 

If a pileua is present in Trameies aenahs or T heteromorpka 
these two polypores can be readily separated The pileus of 
T sertahs is brown, not white as is that of the other fungus 
Furthennore, the pore mouths of T aenahs average 2~4, mostly 
2-3, to a mm , whereas those of T heteromorpha are much larger, 
0 5-3 to a mm 

In the Umted States, and particularly in the Central West, 
South, and Southeast, Trametea Morganit Lloyd is often labeled 
T aenalta For the most part, the specimens on poplar and oak 
called T aertalia in herbaria throughout the country are actually 
T Morgatm The comments of Lloyd (10) about the latter plant 
suggest relationships to T ng\da also '^Morgan referred it to 
T ngtda, a southern plant Loss confusion should exist, 

however, between T aenalta and T ngtda tlian between T Mor- 
gantt and T nqtda 

The fact that TraweUa Morgantt is not usually snow-white 
and that it occurs on hardwoods should be helpful in separating 
it from T aenalta Furthermore, under most conditions T sm- 
arts does not form a pore surface over as wide an area as does 
T Morgantt, though the lengthwise exteriors of both plants may 
be similar Such a feature is, however, only relative and can 
be used merely to supplement other features m distinguishing 
the two plants The spores of T Morgantt are 12 X 6 ju accord- 
ing to Lloyd (10), but in my collections they correspond with 
those of T aenalta, which are 7-9 X 2-3 
Trametea Morgantt belongs to the rapid-growth'’ ^ and "high- 
temperature" classes of fungi when placed m culture, whereas 
isolates of T aertahs grow more slowly and fall into the "medium " 
group for temperature of optimum growth > Growth vanations 

^ The terms need in this oUaeifioation are defined m Papers V-VI (1-2) of 
the senes 

* The Humphrey and Siggen (9) classifioatioD m Low-Temperature 
Group" (optimum 24° C and below), "Intermediate-Temperatuie Group" 
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in culture of different isolates from separated geographical re- 
gions pomtf however^ to the fact that data obtained from cultures 
cannot be relied upon entirely to distinguish these fungi, par- 
ticularly if the collection comes from northern North Amenca 
Cultures are valuable only to furmsh information supplementary 
to that based on the morphological features 

Misdetermined specimens of Trametes maltcola B and C are 
found in herbaria under the name T Berudu The pileus, context, 
tubes, and pore mouths of T maltcola are light brown, not whitish 
as in T smalts 

Resupinate specimens of Fames fraxinophtlus Pk (which do 
occur in dry locations) may be macroscopically similar to Trametes 
senahs But in addition to the fact that the former species is 
always on white or green ash or on buffalo berry, bracket-shaped 
or knobhke immature fruiting bodies of the species are usually 
found elsewhere on the tree The fruitmg bo^es of T senahs 
are never on the outside of the trunk of a standing tree, although 
they are often found on the walls inside the so-called ** goose 
pens” in hving redwood The large spore of T smalts can be 
used to separate the plants, since the spores of F fraxtnopkilus 
arc ovoid and measure 5-6 X 6-7 p 

The species of Fomes which has been most commonly con- 
fused with Trametes sertalts, however, is F annosas Because 
this latter plant is found often in the resupinate condition and 
because it is white, leathery m texture, and occurs on conifers, 
it is easy to account for such incorrect identification The spores 
of F armosus are ovoid, measuring 4-6 X 3-4 p, and so are dif- 
ferent m shape and siae from those of T smalts They readily 
distinguish the two plants 

In regions of much ramfall, southeastern Alaska m particular, 
Fomes ptntcola is often seen m the resupmate form In the early 
stages of growth for the plants of this area it has 6een mistaken 
for Trametes senahs The thick growth also suggests that of 
T alaskanaf but m species of Fomes the pores remain small In 
F. ptntcola the pore surface characteristically turns pale brown 
where bruised, T. smahs does not exhibit this feature The 


(optimum 24* C and 82* C ), and “Hlgh-Tempmture Group" (optimum above 
82* C ) Their isolate of Tramstss ssnalts from Wisconsin falls in the "inter- 
mediate" eroMp 
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ovoid Bpores of F pimcola are hkewiac distinctive when contrasted 
with the cyhndnc-elhpsoid ones of T senaha 

Porta umtus (P meduUa’parits) also has lieen called Trameiea 
aertalts Its spores are 4-7 (4 X 6) 3-6 fi and so differ from the 
largo spores of this species of Trometes The much-branched 
hyphae of P umtus are also a feature of that plant 

In the Southwest Polyporus ancepa Pk often occurs m a resu- 
pinate state, and specimens from that region have been misde- 
termmed and deposited in herbana under the name Trametea 
aertalta Both plants appear on Ptnua ponderoaUf and it is usual 
for both to remain white after drying But the spores of Pol 
ancepa measure 2-3 6 X 6-9 fi, whereas those of T aenaha meas- 
ure 7-9 X 2--3 fjL 

Old specimens of Trameiea aertalta may also suggest Porta vor 
porana, particularly if the growth of the plant has been arrested 
somewhat dunng its development The width of the spores of 
P vaporarta, which arc 5-6 X 1-2 ju, may be used to separate 
the two plants 

Pona attekenma Baxter also suggests, macroscopically, a small- 
pored growth form of Trametea aertalta The spores of the latter 
plant, however, are much larger, 7-9 X 2-3 /jl instead of 3 5- 
4 5 (4 X 1-1 5) 1-2 M In culture the white to brown nodulose 
growth of the mycelium of P atichenaia is charactenstic, whereas 
m all the many geographical isolates, including those from Ptcea 
atichenataf the mycelium is white or whitish Exudations from 
the mycelium are also a feature of Porta atichenais Furthermore, 
the two plants can be separated by the type of rot they produce 
m the host The wood beneath the fruitmg body of Pona 
chenata is whitish, that under T aertalta shows a brown, char- 
coal, or cubical rot 

Specimens of Trametea aertalta that are in part pink, red, or 
even “Hay's lilac” are occasionally observed I have collected 
many such discolored plants m the West and some m the South- 
west and South, as well as m Sweden The majonty are old when 
found These red but obviously once white fruiting bodies are 
to be seen in many herbana The change m color has led col- 
lectom to attach a vanety of names to such specimens of Troh 
metea aenaha Many are called, for example, Pona aangutnohnia 
Even Bresadola interpreted one of his specimens of T amaha 
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as Polyporns xrmrnaluB This red or violet color may be caused 
by a discomycete which is seldom found in the fruiting stage or 
by the myceha of an imperfect fungus 
HabxJiat — Abiea ansonica, A bolsamea, A concolor^ A grandta, 
A magntfica, Arbutua Mennem^ Belvla papyrtfera, Jumperua ap , 
Lanx europa, L lartcinaf L occtderUahaf Ptcea Engelmanntt, 
P glarica, P pungens, P ruhra, P atichenata, Pxnua contorta, 

P ftexilxa, P mantxcola, P paltudrxaf P panderoaa, P reaxnoaa, 

P Strobua, P iaedaj Paeudoiauga fmcroearpay P Sequma 

aempemrena^ Taxodxum dtalxchufiXf Thyga plxcata, Tauga canadenr 
axa, T heterophylia, T Mertenaxana Specimens are also reported 
on the hardwoods Populua iremidaxdea, Qtiercua cocctnea, Q 
Prxnuaf Q rvhra, and Q valutxnay but in all probability many of 
these plants arc TratneUa Morganxx 
Dxatrxbutxon — Alberta, British Columbia, Mamtoba, Newfound- 
land, Northwest Terntones, Ontano, Yukon Tcmtoiy, Alaska, 
Ansona, Arkansas, Calif orma, Colorado, Connecticut, Georgia, 
Idaho, Illinois, Iowa, Kansas, Kentucky, Louisiana, Maine, 
Massachusetts, Michigan, Minnesota, Missoun, Montana, New 
Hampshire, New Jersey, New Mexico, New York, North Carolma, 
Ohio, Oregon, Pennsylvama, Rhode Island, Tennessee, Texas, 
Vermont, Yiigima, Washington, West Virginia, Wisconsin, Wyo* 
ming 

CuUurea — Isolated from a cotton mill in Rhode Island and fut^ 
nished by Professor Walter H Snell This fungus belongs to 
the “rapid-growth” group of resupmate polypores as well as to 
the “large-range” and “high-temperature” classes 
The optimum temperature for the germination of basidiospores 
in a culture from Madison, Wisconsin, was between 20** and 32° C , 
with the most rapid germination between 30° and 32° C , ac- 
oordmg to Snell (11) In his experiments the spores germinated 
at 30° but not at 40° C This temperature is lower than that 
required for germination by such fungi as Lermtea aaaptana, 
L irabea, LenUnua kptdeua, and Fomea roaeua Some of the 
qpores of this Trametea aerxaba isolate germinated after four years 
and three months At 28° C* they ceased to genninate after an 
exposure of about ten weeks to dry meubator conditions, and at 
36° C. most of the spores were killed within four weeks 
The hypbae form a white cottony mat in cultures on blocks 



146 


Dow V Baxter 


and finally cover the wood with a snow-white mass of mycehum. 
This conifer-inhabitmg plant produces even greater masses of 
mycelium m cultures containing hardwood (red-gum) blocks or 
m fiesks contaimng both red-gum and white-pine wood than it 
does in those with white-pine blocks The fungus grows up and 
around the intenor of a hter flask so as to fill much of the lower 
one third with mycehum (This luxuriant growth is an im- 
portant feature, and may be used to separate Trametes wrtaha 
from T dtaskana ) The habit of growth becomes nodulose, par- 
ticularly in flasks which contain hardwood blocks As the white 
mycehum ages it may darken in patches to '^snuff-brown” or 
even to "Vandyke brown,” and m some places it may form a 
brownish exudate Abortive irpiciform and poroid fruiting bodies 
may appear on the nodulose portions of cultures which are six 
months to one year in age, and they develop in flasks contaimng 
either coniferous or hardwood blocks 
Decay — Comparatively few fungi which inhabit coniferous wood 
cause such sigmficant amounts of decay in both structural timbers 
and standing trees as does Trametes sertahs Both Lenzttes «ae- 
ptana and Porta tncrassaUi, for example, bnng about enormous 
losses in coniferous structural wood, but they are of no economic 
concern in hving trees, and though P vaporana in Europe has 
been recorded as an important cause of rot in wood structures 
and also m green trees in the forest, the records of such incidence 
m standing comfers cannot be regarded as authentic The red- 
wood form of T sertahs is one polypore which attacks coniferous 
wood both m slash or structural timbers and in the hvmg tree (Pis 
III-IV) In the Southwest Polyporus anceps Pk on ponderosa 
pine slash and m living trees is another well-known example of 
a fungus which destroys down material and causes heart rot m 
standmg timber 

Trametes sertahs is best known in North America as the cause 
of a brown cubical rot of spruce and other coniferous logs and 
building timbers Cartwright (6) desenbes its penetration m 
Sitka spruce and concludes that the cellulose of the cell wall is 
altered or consumed m advance by the fungus, so that actual 
penetration by the hyphal tip, wbch is partly mechameal, is 
facilitated All except the finer hyphae are at first markedly con- 
stricted, but they soon resume normal siSe when the opposite 
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lumen is reached Coneequently, the bore hole ib small at first 
and either may remain so or, after the cell wall is penetrated, may 
enlarge to many times the sise of the hypha which formed it 
The hypha in such a bore hole swells so that it no longer shows 
eonstnction The mycelium m the wood has been revived after 
a dormant penod of over seven and one-half years (8) This 
feature of resistance may possibly explain, in part, the frequent 
occurrence of T sertahs in buildings of certain types 
This fungus 18 an important agent of decay in storagf^ yards 
in the Northwest Lumber shipped abroad from mills in that 
region contained incipient decay of Trametes aertalts which be- 
came apparent at the point of destination Blair (3, 4) and Snell 
(11) report it, together with Lenzttes saeptana, L iraheaf and 
Lenltniis UpxdeuBy to be a source of decay in cotton-mill weave- 
shed roofs and basements m New England It appears in flooring, 
m lumber yards, and m cabin timbers in Alaska A brown rot” 
of redwood exhibitmg cubes that resemble those caused by T 
senalw lias been described, and a brown rot which breaks into 
cubes, apparently similar to that caused by T uertaha on conifer- 
ous blocks m culture, has be,en formed m cultures of the infectmg 
fungus on wood Spores of T aenahs from different locahties 
show some variation m length, but, m general, are only one or 
two microns longer than those of Pona Sequoftae^ dosenbed as 
causing a cubical rot of redwood Tlic spores of the latter fungus 
are given (7) as being 4 5~6 X 2-3 5 m The measurements re- 
corded by vanous authorities for specimens of T amahs are 

Mumll X 2 M M Shope 7-9 X 2-3 /z 

Overholto 7-8 X M Bourdot and QalsiR» 7-10 X 3-4 


Although the spores of T amalta are usually 7-0 m long, they 
occasionally exhibit considerable variation, i e from 6 to 10 Mi 
as mdicated above Those of a number of colloctioif)9 on different 
substrata in my herbarium show the followmg variations* 


Host 


Spore fMoeuremente 


Lodgepede pine, Jasper, Alberta 5-6 X 2 5 

Sitka Bpnioe, Skagway, Alaska 12 X 4 m 

Red spruce, Black Mountain, North Caroluia 5-^ X 2^ m 

Redwood, San Mateo, Cahforma 7-8 X 2 m 

Sitka spruce, Mooae Pass (Grant Lake), Alaska 6 5-9 X 2 -4 ju 


White apruoe. Great Slave Lake, Northwest TerritoneB 5 5-7 X 2 /u 
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Tramelea aenalis is ordinarily more abundant on logs, on wood, 
and on Ptructural matenals in the coastal sections of Alaska than 
are such generally common plants as Lenzttea saepiana (Widf ) 
Fr and T odorata (Wulf ) Fr in the States Environmental 
conditions in the southern areas of the Yukon Territory are dis- 
similar from those of the moist Pacific Coast of southeastern 
Alaska, and, consequently, T aenalta (among the polypores), 
though common m lodgopole and other comfers of the section, 
does not appear so abundantly as does T taabeUtna Fr , a fungus 
frequently occurnng on western and northern coniferous logs 
My most northerly record for T aenalta m North Amenca is 
from the Noatak River country north of the settlement of Kot- 
zebuf' (north of Kotaebue Sound, Alaska) 

In the Pacific Coast region of North Amenca Trametea aenalta 
results 111 a brown cubical rot in standing redwood The decay 
suggests that in imcnsc cedar caused by Polyportia amarm, ex- 
cept that in the advanced stages the pockets become so numerous 
or individually so large that they may constitute almost a solid 
mass of rot (7) The wood surrounding the cubes is dull brown, 
in contrast to the clear bnglit red or red brown of sound timber 
Felts of white mycelium, which often become chalkhke in age, 
frequently appc?ar in the shnnkage cracks 

There is some correlation between the incidence of rot and the 
presence of fire scars For decades and even for centunes ground 
fires have from time to time swept through the stands and ex- 
posed the aged heartwood in huge scars or goose pens Such 
injuries provide points of entrance for Trametea aencdia and in- 
directly lead to much cull caused by the fungus The brown 
cubical rottod sections of the trunks are, m turn, more inflam- 
mable than IS sound wood, and subsequent ground fires bum 
huge cavities in them Fruiting bodies of T aertaha are often 
found on the walls of these goose pens 

Most of the rot appears to be m the first twenty feet from the 
ground, but the decayed areas sometimeit extend through the 
second thirty-six-foot log Decay also appears in the upper part 
of the trunk, but it has not been demonstrated as yet that it is 
caused by Trametea aenalta 

That Trametea aenalta is not known to cause decay ih standmg 
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timber of other species even in the same forest is a fact difficult 
to explain Observations made on standing Pseudoisuga iartr 
folta, Ptnus mofUtcolat and Abies grandts growing in the redwood- 
forest areas have not reve^tled the presence of T senaltSf although 
the fungus attacks wood from these trees But even old in- 
dividuals of these species are much younger and smaller than 
redwood, so that there is less opportunity for the heartwood to 
become seasoned to the degree that it does m large specimens 
of Sequoia Furthermore, resm accumulates over many of the 
wounds caused by fire in such associates and this may prevent 
infection Redwood is not resinous and in old, immense speci- 
mens with large goose pens, it is probable that even the water- 
soluble extractives of the species which are toxic to fungi have 
leached out Such a condition of the wood in the exposed old 
heartwood of standing treos may correspond in a general way, 
then, to that of wood in logs Large specimens of Thuja pheata, 
Libocedrus decurrensj and Chamaecypans Lawsontana are also 
present m the northern areas of redwood, but these tnx^s are 
neither so large nor so old as the Sequoia Furthermore, they 
do contain oils whi(*h are often toxic to polypores 

Whatever the explanation may be for the incidence of the red- 
wood form in standing trees, there is some ndation between its 
occurrence and the presence of goose pens Such large cavities, 
which are largely nonexistent in most other trees, may create 
internal atmosphenc conditions more favorable for the growth of 
T aenalts 

Because goose pens result from repeated fires an effort should 
be made to prevent burning over redwood lands It is behoved 
that much cull can be eliminated in future stands by improving 
present methods of logging The vanous types of high-lead steam 
skidding now in use cause excessive damage The “slack-line'* 
system employed by at least some companies leaves virtually no 
standing green tunter on the land. Residual stands on adjacent 
areas logged over by tractor-arch units indicate that some prog- 
ress can be made toward minimising mechanical injuries and 
devastation The undesirabihty of the custom of resorting to 
fire to nd a logged-over area of Uie d^bns incidental to the felling, 
limbing, and bucking operations is evident (7) 
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Trametes alaakana, q>. nov. 

(Hate I, Figure 2, Hatee 11, V-VII) 

Type and important apecimena 

Trametes alaekana on Pteea nfcfceiUM, Cordova, Alaska, type CoU Dow V 
Baxter, Aug 21, Herb Dow V Baxter, Ann Arbor 

TrameUa alaekana on Pteea sitckentu, Sitka, Alaska Coll Dow V Baxter, 
^pt 1, 1033 Herb Dow V Baxter, Ann Arbor 
Trame^ alaekana on structural timber ^neath bank building, Viddez, Alaska 
GoU Dow V Baxter, July 13, 1933 Herb Dow V Baxter, Ann Arbor 
Trametee alaekana on Pusea etlehenetaf Seward, Alaska Coll Dow V Baxter, 
Aug 14, 1038 Herb Dow V Baxter, Ann Arbor 

Fructificatio annua vcl perennis, plus minuRVP 1 m effusa, conacea, 
usque 1 5 cm crassa, resupinata vel scimresupinata, saepe no- 
dulosa, marge pnmum sterilis, 1 5 cm latus, plerumque minus 
quam 2 mm latus, albidus vel palhde albidus, sed in crassis spe- 
cimmibua, si margo non fit fcrtilis, brunneus, aubiculum albi- 
dum, tubi plerumque 5-6 mm longi, sed nonnumquam 22 mm 
longi, saepe irpiciformes vel lamellati, albidi vel pallide ochracei , 
aperturae cum iubis concolores, 1-3, plerumque 1-2, m uno mm , 
sporae hyalmae 10-12 X 3 byphae 2-4 ju diam , raro ramosae 
vel septatac 

Fructification annual or perennial, effused for 1 meter or less, con- 
aceouB, up to 1 6 cm wide, mostly less than 2 mm wide, at first 
whitish, changing to “avellaneous” or, in thick specimens where 
the margin does not become fertile, natal brown”, subiculum 
whitish, tubes mostly 6-^ mm , but up to 22 mm , long, frequently 
becoming irpiciform or lamellate, whitish to avcllaneous, mouths 
concolorouB with the tubes, 1-3, mostly 1-2, to a mm , spores 
hyaline, 10-12 X 3 hyphao 2-4 /x, seldom branched and sel- 
dom septate 

Alhed species — Trametes alaekana is allied to T ssnahs, T ketero- 
morpha Fr , and T vanfformu Pk These plants, in fact, are so 
closely related m some of their, growth forms (particularly when 
in the resupinate state) that only with an abundant amount of 
material available in the field can some of them be distinguished 
accurately without the use of cultures If it is possible to do 
so, one should obtain old as well as young material for repre- 
sentative samples 

For a number of years young plants of Trametee alaekana com- 
ing from coastal Alaska and having small tube mouths were ten- 
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tatively named T senabs (PI V) Such young plants, however, 
are always thick and later have wide mouths 
Likewise, white or whitish specimens with wide mouths and a 
nodulose form of growth were tentatively referred to Trametes 
keteromarpha Furthermore, specimens of T vamfonma which 
lacked pilei and which grew in similar habitats were confused 
with both T ataskana and T heterofmorpha Consequently, 
authentic matenal of Swedish plants has been studied m Sweden 



Fio 2 Difitnbutioti of TratMlea alaBkana north of Vancouver 

• one ooUeotion 

# » two or more oollections 

as well as on this contment and numerous collections have been 
made Cultures were obtained from certain specimens from 
widely separated localities, and the data from the Cultures were 
matched with the morphological features of the fruiting bodies 
The thick habit of growth even in young specimens of Trcr 
meies alaakana should help to separate it from T aertalis In ad- 
dition, T sertolM often remains whitish in herbanum specimens, 
whereas the Alaskan plant discolors upon drying 
Mature specunens of TnmeUa olasfcona and T vamiforma are 
similar in the siae of the pores* T olosfcana, however, forms a 
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thick growth over the substratum, whereas T vartiformts forms 
a relatively thin one The tubes of T vamformu, although defi- 
nitely conaceous, are more papeivlike and certainly loss coarse (Pis 
VlII-IX) Pilei are unknown in T alaakana, m T vamformta 
the pilous, if present, has a brown surface An mdication of this 
brown color can be detected at the margins even of many re- 
mipmate plants Marginal growth is exceedingly irregular and 
wavy in T vamformta, so much so that the plant frequently 



Fia 3 Distnbution of Tramatea vamformta north of Vanoouver 

• -* one collection 

• M two or more oolleotions 

occurs in small patches, often more or less circular, on a decorti- 
cated log, or m the checks of charred timber, rather than m long, 
rather wide, continuous sheets This habit of growth, though 
noticeable m T heieromarpha, T alaakana, and T sertolts, is not 
so conspicuous m those species Both T heteromorpha and T* oloa* 
ibona frequently exhibit a nodulose habit of growA 
The pileus (rf Trameiea heteromorpha is white, and m resupmate 
specimens marginal portions may suggest the white of a pdeus 
Resupmate plants of T heteromorpha appear m two different 
growth forms, one bavmg Icmg conaceous tubes with thick dia- 
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sepimentH (aa in T cdaskana) and usually remauung white or 
whitish (PI X), and one having short somewhat irpiciform (or 
sinuouSf as in Pona sinuosa) tubes and becoming “ochraceous 
buff,” or at least not remaimng whitish (PI XI) These forms 
may be distinguished from T alaskana with long white tubes 
by the fact that tlie latter, instc^ad of remauung white, exhibits 
brown discolorations in the upper marginal parts, and from 
T aktskam with relatively short tubes, by the fact that T hete~ 



Fia 4 Distribution of Trameiea keUrmnorpha Fr north of Vancouver 

• - one nollection 

• » two or more collections 


roffwrpha remains white or whitish and has charactenstically 
thinner dissepunents Emphasis is to be placed always on the 
thick growth features of T alaskana • 

Habitat — Ptesa glaaca, P stfeherms, Tauga heteropkyUa This 
^cies will probably be found m Douglas fir in Bnl^ Columbia, 
Oregon, and Washington 

Distnbvution — Yukon Territory, Alaska This plant probably oc- 
curs also in British Columbia, northern Califorma, Or^n, and 
Washington 

Occurrence — Trametee alaskana is, m general, restricted to the 
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TABLE I 

(k)LUBCT10N8 or ThAUMTMS SMAIAUS ON VARIOUS SUBSTIIATA VtUM 

Nortubrn North Ambrica 


(Herb Dow V Baxter) 


Substratum 

Form of timber 

Locality 

Expedi- 

tion 

Tauga heterophyUa 

Decorticated Ior 

Sitka, Alaska 

1033 

Pteea (^tusa 

Decorticated log 

Fort Wrigjey, North- 
west Temtones, 
Canada 

1037 


Decorticated log 

Ruby, Alaska 

1086 

Pteea glauca 

Decorticated log 

Nenana, Alaska 

1036 

Pteea ptouea 

Decorticated log 

Moose Pass, Alaska 

1038 

Pteea glauca 

Log with bark 

Burnt lidand, Great 
Slave Lake, North- 
west Temtones, 
Canada 

1087 

PeeudoUuga iaxtfolta 


Vancouver, Bntish 
Columbia, Canada 

1033 

Pteea ettefcenew f 

Caps and posts used in 
tunnel supports 

Tunnel, Alaska 

1030 

Ptoea glaum 

Stack support m lum- 
ber yard 

Fairbanks, Alaska 

1086 

Pteea ghum 

Decorticated log 

Lower Russian Lake, 
Kenai Peninsula, 
Alaska 

1086 

Pteea glaum 

Decorticated log 

Burnt Island, Great 
Slave Lake, North- 
west Territories, 
Canada 

1087 

PeeudoUuga UunfoUa 

Decorticated log 

Jasper, Alberta, 
Canada 

1085 

Pteea f^um 

Old lumber 

Fairbanks, Alaska 

1088 

Pteea glaum 

Decorticated log 

Waterways, Alberta, 
Canada 

1087 

Ptem glaum 

Decorticated log 

Fort Smith, North- 
west Temtories, 
Canada 

1087 

Ptnue eonUrta 

Charred log 

Jasper, Alberta, 
Canada 

1085 

Ptem etiehenete 

Decorticated log 

Bkagway, Alaska 

1083 

Ptem glaum 

1 

Decorticated log 

Dawson, Yukon Tei^ 
ritory, Canada 

1085 

Tsu 0 a heterophyUa 

Deomtioated log 

Vancouver, British 
Columbia Canada 

1088 

PeeudoUuga taatfoha 

Hops, Bnti^ Colum- 
bia, Canada 

1087 









Reauptnc^ P<iiypore$ 156 


TABLE I (Concluded) 


Substratum 

Fonn of timber 

Locality 

Eipedi- 

tion 

Ptota ffZauM 

Decorticated log 

Tanana, Alaska 

1936 

Picea ffiauM 

Log with bark 

Burnt Island, Great 
^ve Lake, North- 
west Territones, 
Canada 

1037 

Pteea ^uea 

Old tramway timbera 
on 18M trail 

Whitehorse, Yukon 
Territory, Canada 

1036 

Picea »p 

Base log in houce 

Fairbanks, Alaska 

1940 

Decorticated log 

Lake Louise, Alberta, 
Canada 

1933 

Pteea glauea 

Decorticated log (over- 
growing specimen of 
T eanrformte) 

Fairbanks, Alaska 

1933 

Pteea glauea 

Decorticated log 

Beaver, Alaska 

1936 

Teuga Merienetana 

Discarded railro^ ties 

Fairbanks, Alaska 

1933 

Pteea ettehenste 

Decorticated log 

Seward, Alaska 

1033 

Pteea glauea 

Decorticated log 

Careross, Yukon Ter- 
ritory, Canada 

1932 

Pteea glauea 


Hot Springs, Alaska 

1030 

Pteea 

Decorticated log 

Seward, Alaska 

1933 


Decorticated log 

Grant Lake, Kenai 
Peninsula, Alaska 

1938 

Pteea glauea 

Decorticated log 

60 milee south of 
Kotsebue, Alaska 

1940 

Pteea glauea 

Log with bark 

Noatak River, 40 milea 
north of Kotsebue, 
Alaska 

1940 

Pteea g^uea 

Decorticated log 

Unalakleet, Alaska 

1941 


northwest coastal regions of the continent Only two collections 
have been made elsewhere, one at Careross, Yukon Territory, 
and one at Koyukuk, Alaska Hie plant is found on structural 
timbers and decorticated logs 

Though a study was not made in the field to determme the 
abundance of the species and though collections were not taken 
of every specimen observed in the forests, the results of the random 
sample from the region north ol Vancouver, Bntidi Ckilumbia, 
of IM collectione in which Trametea amaka, T ala^na, T aoru* 
formu, and T heieromorpha are present are of interest (see Figs 
1-4, pp 141, 161-163, and Tables I-IV, pp 164-166, 168-160) 
Sixty per cent of the coOections of T eiaahma occur on Sitlu 
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TABLE II 


CoLLBCTIONfi or TraMSTKS ALASKAN a ON VARlOtlS SUBSTRATA FROM 
Nortkbrn North AMRRirA 

(Herb Dow \ Baxter) 


Substratum 

Form of timber 

Locality 

Expedi- 

tion 

Ptcea atidienata 

Decorticated log 

Cordova, Alaska 

1033 

TAuga heieropkyUa 

De<*oriicutod lc»g 

Ketihikan, Alaska 

1033 

Pieeu aitchenna 

Decorticated log 

Ptarmigan Lake, 

Kenai Peninsula, 
Alaska 

1033 

Tauga heterophylla 

Decorticated log 

Wrangell, Alaska 

1036 

Tauga heierophyUa 

Decorticated log 

Cordova, Alaska 

1033 

Tauga heterapkylla 

Docortuated log 

Sitka, Alaska 

1083 

Tauga haterophyUa 

Decorticated log 

Sitka, Alaska 

1083 

Ptcaa atichenata 

Decorticated log 

Cordova, Alaska 

1033 

Ptcea atlciumata 

Decorticated log 

Seward, Alaska 

1033 

Ptcea aitchenata 

Decorticated log 

Cordova, Alaska 

1038 

Ptcea atichmma 

Decorticated log 

Ketchikan, Alaska 

1033 

Ptcea atUhenata 

Decorticated log 

Mills Bay, Kodiak, 
Kodrnk Island, 
Alaska * 

1038 

Picea attehanata 

Decortuated log 

Sktlak Glacier, Kenai 
Peninsula, Alaska 

1038 

Ptcea aitchenata 

lieconstnicted Kuaeian 
blockhouse timbers 

Sitka, Alaska 

1030 

Ptcea glauca 

Decorticated log 

Koyukuk, Alaska 

1080 

Ptcea glauca 

Decorticated log 

Carcross, Yukon Ter- 
ntoiy, Canada 

1032 

Ptcea aitchenata 

Structural timber 

Cordova, Alaska 

1033 

Ptcea aitchenata 

Decorticated log 

Hope, Alaska 

1033 

Tauga heteraphytla 

Decorticated log 

Wrangell, Alaska 

1036 

Ptcea atUhenata 

Decorticated stump 
Structural timber be- 
neath bank 

Ketchikan, Alaska 
Valdez, Al^ka 

1033 

1033 

Ptcea aitchenata 

Decorticated log 

Sitka, Alaska 

1083 

Ptcea atichenaia 

Decorticated log 

Sitka, Alaska 

1033 

Ptcea atUhenata 

Decorticated log 

Cordova, Alaska 

1033 

Ptcea glauca 

Decorticated log 

liower Russian Lake, 
Keuoi Peninsula, 
Alaska 

1030 

Tauga Merianatana 

Decorticated log 

Mole Harbor, Admi- 
ralty Island, Alaska 

1041 

Ptcea atUhenata 

1 Decorticated log 

Lost Lake trail, viein- 
ity of Seward, 

Alaaka 

1041 


* The most westerly collection m the North Amenoan coastal forest 



Resuptnaie Polypares 157 

sprupe, in contrast to eleven per cent of those of T aenahs 
Eighteen per cent of all these species m the 146 collections are 
T altiakana At least sixty per cent of the entire group of plants 
occur on cither Pteea attchenma or P gtattcaj and seventy-one per 
cent of the spooimcns of T aiaakatia arc on spruce T alaakana 
and T keteromarpha arc more abundant on P atichevma than is 
either T vartiformta or T aenaka T heteromorpha is more 
likely to appear on wood with bark than T alaakana or any other 
of these fungi 

Culturea — Isolatc'd from Trameiea alaakana on Picea aitrhenaiaj 
Kodiak Island » Alaska, the sjiecimen was collected at the ex- 
treme limits of the coastal coniferous forest of the continent 
Another Alaskan isolat/c of this same vanety came from Sitkar 
spruce stnngt^rs in a mill yard, Juneau, Alaska 

It IS usual for isolates made from various sources to diflfer, 
but these Alaskan plants arc members of a growth group dissimilar 
from that into which Trametfa smolts falls Both isolaUis belong 
to the “slow-growth ” group and the “small-range'* and “average- 
temperature” classes 

Trametea alaakana grows much more slowly than T aenalia 
The types of growth exhibiic»d by the two fungi in culture also 
differ T alaakana (isolate from Juneau) does not form a thick 
enveloping growth over the wood in cither whib'-pine or red-gum 
block cultures, but the mvcelium of T aenaha in both hardwood 
and coniferous cultures almost completely hides the wood This 
point IS of interest, since in nature T alaakana is the thick form 
Nor does this fungus exhibit the conspicuous nodulose growth 
habit of T aenaha Though both spc-cics formed tubes and pores 
in tipn-month-old cultures on red-gum blocks, only T aenaha 
fruited in similarly aged cultures on pine blocks Much longer 
tubes were produced in cultures of T alaakana than in ones of 
T aenaha * 

Cultures of Trametea vantformta (isolate from Toklat River, 
Mt McKinley National Park, Alaska) are helpful in distinguish- 
ing it from both T alaakana and T aenaha Red-gum blocks 
are not hidden from view by T vantformta even in two-yearH>ld 
cultures This feature suggests T alaakam in culture In con- 
trast to the latter species, however, a nodulose growth (less 
luxuriant than that of T aenaha) is produced Pore formation 
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TABLE III 

CoLLBcnoNB OF TKAMatBs vAHuroHma ON Vabiods SmmATA nunt 
Nobthbrn North Ambbica 


(Herb Dow V Baxter) 


Substratum 

Form uf timber 

Locality 

Expedi- 

tion 

Vxcea glauoa 

Decorticated log 

Mile 6, Mt McKinley 
National Park, Alaska 

1083 

Ptem glanea 

Decorticated log 

Toklatp Mt McKinley 
National Park* Alaska 

1033 

Ttuiga ap 

Dec*urticated log 

Ptarmigan Lake, Kenai 
Peninsula, Alaska 

1033 

Pteea ap 

Decorticated log 

Tanana, Alaska 

1036 

Puxa glauca 

Dccxirtioated log 

Lower Russian Lake, 
Kenai Peninsula, Alaska 

1036 

Pteea glauea 

Decorticated log 

Carcrosa, Yukon Territoiy , 
Canada 

1032 

Pvoea gUiuca 

Decorticated log 

Mt McKinley National 
Fork, Alaska 

1032 


Decorticated log 

Carcross, Yukon Territory, 
Canada 

1082 

Ptnut contwia 

Decorticated log 

Lake Louise, Alberta, 
Canada 

1083 

Pxtxa glauea 


Koyukuk, Alaska 

1036 

Pteea eftdxenata 

Decorticated log 

Moose Pass, Alaska 

1033 

Ptnua coniorta 

Decorticated log 

Jasper, Allierta, Canada 

1033 

Pteea glauea 

Decorticated log 

Sheep Creek, Alaska 

1035 

Pteea glauea 

Decorticated log 

Sitka, Alaska 

1038 

Pteea eUehenata 

Decorticated log 

Il 

1035 

Pteea glauea 

Decorticated log 

1086 

Ptnua eontoria 

Decorticated log 

Jasper, Alberta, Canada 

1985 

Pteea glauea 

Decorticated log 

Carcroas, Yukon Terntory, 
Canada 

1082 

Pteea i^auea 

Dei'orticated log 

Fort Smith, Northwest 
Temtones, Canada 
Moose Pass, Alaska 

1037 

Pteea aUeheneta 

Decorticated log 

1038 

Pteea glauea 

Decorticated log 

Koyukuk, Alaska 

1086 

Pteea glauea 

Decorticated log 

Fort Wnglcyp Northwest 
Temtones, Canada 

1087 

Pteea glauea 

Decorticated log 

Koyukuk, Alaska 

1086 

Pteea glauea 

Decorticated log 

Burnt Island, Great Slave 
Lake, Northwest Tern* 
tones, Canada 

1037 

Pteea etleheneut 

Decorticated log 

Seward, Alaska 

Lower Tanana River (east 
of Tanana), Alaska 

1088 


Decorticated log 

1086 
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TABLE UI (Concluded) 


Substratum 

Form of timber 

Locality 

Expedi- 

tion 


Charred log 

CarcrosB, Yukon Territory, 
Canada 

1032 


Charred log 

Skagway, Alaska 

1032 

Ptcea glauea 

DecorticaW log 

Sheep Creek, Alaska 

1083 

Ptua $p 

Decorticated log 

Stillwater Croasing, Alaska 

1036 


Decorticated log 

Dawaon, Yukon Territory, 
Canada 

1035 

Pteea glauea 

Decorticated log 

Selkirk, Yukon Territory, 
Canada 

1035 


Decorticated log 

Ptarmigan Lake, Kenai 
Peninsula, Alaska 

1033 

Pteea atlehenete 

Charred log 

Hope, Alaska 

1033 

Ptnus anUorta 

Charred log 

Skagway, Alaska 

1032 

Ptnus contorta 

Charred log 

Jasper, Alberta, Canada 

1035 

Pinua corUorta F 

Decorticat^ log 

Lake I^iuise, Alberta, 
Canada 

1083 


Charred log 

Carcross, Yukon Territory, 
Canada 

1032 

Tsuga heierophglla 

Decorticated log 

Wrangell, Alaska 

1036 

Pteea aUehenete 

Decorticated log 

Moose Pass, Alaska 

1036 

Ptcea glauea 

Decorticated log 

Selkirk, Yukon Territory, 
Canada 

1035 

Pteea glauea 

Charred log j 

Carcross, Yukon Terntoty, 
Canada 

Selwyn, Yukon Territory, 
Canada 

Mt McKinley National 
Park, Alaska 

1032 


Decorticated log 

1035 

Ptoea glauea 

Decorticated log 

1033 

Pteea glauea 

Decorticated log 

Lower Russian Lake, 
Kenai Peninsula, Alaska 

1086 

Ptnue eontarta 

Decorticated log 

Carcross, Yukon Temtoiy, 
Canai^ 

Fairbanlu, Alaska 

1032 

Pteea glauea 

Decorticated log 
(overgrowing 
specimen of 
eertalte) 

1033 

Pteea glauea 

Decortieated log 

Selkirk, Yukon Terntory, 
Canada 

Skagway, Alaaka 

1085 

Ptnue eaniorta 

Charred log 

1032 

Pteea glauea 

DeoortioatM log 

Noatak River (Kotsebue 
Sound vinnity), Alaska 

1040 









TABLE IV 


COLUDCTIONB OF TitAMgrgS UBTXBOMOJiPNA ON VaBIOUB SxTBSTRATA FROM 

Northbrn North Aubbica 
(Herb Dow V Baxter) 


Subetratum 

Form of timber 

Ijooolity 

Expedi- 

tion 

Pteea ntchenna 

Decorticated log 

Juneau, Alaska 

1936 

Tauga Mertennana 

Decorticated log 

Cordova, Alaska 

1933 

Ttuga heierophyUa 

jA)g with bark 

Wrangell, Alaska 

1936 

Pteea eUehensia 

Decorticated log 

Seward, Alaska 

1933 

Tauga Mertenatana 

Decorticated log 

Cordova, Alaska 

Hope, Alaska 

1933 

Pteea atiehenata 

Log with bark 

1933 

Pteea aUehetma 


Sitka, Alaska 

1933 

Pteea glauca 

Decorticated log 

Toklat, Mt McKinley 
National Park, Alaska 

1933 

Tauga hderapkytta 

Log with bark 

Sitka, Alaska 

1933 

Tauga Merienatana 

Log with bark 

Hope, Alaska 

1938 

Pteea attehenata 

lAig with bark 

Juneau, Alaska 

1086 

Pteea glauea 

Decorticated log 

Birch Lake, Alaska 

Birch Lake, Alaska 

1940 

Salix ap 

Limb with bark 

1940 

Tauga ap 

Log with bark 

Skagway, Alaska 

1932 

Pteea aUehenata 

Log with bark 

Juneau, Alaska 

1936 

Tauga heteraphyUa 

Decorticated log 

Ketchikan, Alaska 

1933 

Tauga Merteruiana 

Log with bark 

Hope, Alaska 

1933 

Pteea atU^ienata 

Log with bark 

Lawtng, Alaska 

1936 

Pteea glauea 

Log with bark 

Nenana, Alaska 

1936 

Pteea glauea 

Decorticated log 

Bitka, Alaska 

1983 

Pteea aitehenaia 

Log with bark 

Uxmki (Kodiak Island 
group), Alaska 

1938 

Pteea glauea 

Log with bark 

Fort Wngley, Northwest 
Temtones, Canada 

1937 

Tau^ Merienatana 

Log with bark 

Ptarmigan Lake, Alaska 

1933 

Pteea etteheneu 

Limb with bark 

Lower Russian Lake, 
Kenai Peninsula, Alaska 

1936 

Paindue halaamtfera 
(growing with Pteea 



glauea) 

Decorticated limb 

Fort Wngley, Northwest 
Temtones, Canada 

1937 

Pteea glauea (growing 
with Peptdua balaor 



m^era) 

Log with bark 

Fort Wngley, Northwest 
Temtones, Canada 

1987 

Tauga ap 

Log with bark 

Seward, Alaidca 

1983 


Log with bark 

Lower Russian Lake, 
Kenai Peninsula, Alaska 

1936 


Snag with bark 

T^iwing, Alaska 

1940 


Log with bark 

Lower Russian Lake, 
Kenai Peninsula, AImIu 

1986 

Pteea glauea 

Log with bark 

Lower Russian Lake, 
Kenai Pemnsula, Alaska 

1986 

Tauga Merienatana 

Log with bark 

Hope, Alaska 

1938 

Pteea glauea 

Soiic with bark 

Lake RUamna, Aloslca 

1941 
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resembling that of T heteromorpha in nature appears in the 
cultures 

It IS evident from these records that comparative studies of the 
species of Trametes in culture and of those of closely related 
genera are necessary The vanatiou that exists among isolates 
obtained from different regions makes such studies all the more 
imperative 

UNiYUBaiTT or Micbiqan 
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PLATES I-XI 



BAXTER PLATE I 



Trametn ahdmna, ^p no\ , on Fteen sttehmeit, Seward, Alaska, 



PLATE II 



TramfUs al/nkann^ <ip iio\ ^ **n P*«w sitehemm Sitka, \luikH, 1933 



BAXTER PLATE III 



Tnmettt tenalu Fr (or a fotin of this species) on Styuoia sempemretu, Scotia, Cahfomia 
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Rot caused b\ Tramefes wnahs Fr u»r a form of this specie® i m g<.K>se iien of redwixKl, Scotia Califomn 





BAXTEM PLATE \ 



ndet abuhuu, sp iio\ (labeled T tmali* m fidd see pp 150-161), Mills Bay Kodiak Island, Kodiak, Alaska 
This poUection was made at the limits of the coastal coniferous forest m North Amenca The fungus grew 
throu^ the field label during transit to Ann Arbor Thick grow th habit and large pores are characteristic even 
of joung plants 





BAXTE 



Tram^es alaskanat «p nov , on Pirea ^aum^ Caroiws Yukon Temtor\ THl*? one of the few collection:? of this 
^?pecies from the intenor forest regions of the continent (Carcross h ju«t o\er the mountains from the coastal 
forest) 





PLATE VII 



Tram«<e8 aimkana, sp nov , on structural timber beneath bank building, Valdez, Alaska, 1933 





Fio 2 Hesiipinate Trametes rttnifonm^s Pk Ptarmigan Lake, Kenai PeniiLsula 1933 This 
fungus more abundant «ra slash m this region than i^ Lemiies gaepiaria ulf ) Fr 



BAXTER PLATE IX 



TrameU9 mttfamm Fk (top of log) and T aenaha Fr on Picea gfatico, Fairbanks, Vlaska, 




BAXTER ' PLATE X 



Resupmate Tmmele« hrtrromorpha Fr , Lower Russian Lake, \laska 



PLATE XI 



Hesupinate Trameie» h^omorpha Fr on Pteea glanea, Lower Russian Lake, Alaska. 
In this stage of growth the fungus suggests Pena amvosa 



SAPWOOD IN SUGAR-MAPLE TREES 

WILLARD B BROMLEY 


T he amount of Mapwood m sugar-maple (Acer saccharum) trees 
has a direct hearing upon the price paid for the lumber ob- 
tained from them The highest grades of sapwood lumber cut during 
winter, when the wood in whitest and is dried under special conditions, 
are sold for 120 more per thousand board feet tluin the best grades 
out at other times Even when the trees are cut in the summer and 
given no special drying treatment boards of the* better grades with 
sapwood on junt one side are sold for SIO more per thousand board 
feet than lumber of the name grade cut from the heartwood of trees 
Although the presence or the absence of napwood affects the price 
of sugar-maple lumber very matf‘nally, there is but httle informa- 
tion in Amencan literature concerning the width of the sapwood m 
the trees from which the lumber nr sawed It is the purpose of this 
paper to present the results of many measurements of maple trees 
and to discuss some of the factors which seem to affect the width 
of their sapwood llie results of similar studies made by German 
foresters and botamsts are desenbed by M Biisgen and E MUnch, 
in The Structure and IaJc of Forest Trees ^ 

The data on which this study is based were compiled by C B 
Stott, of the Division of State and Private Forestry, United States 
Forest Service at Milwaukee, Wisconsin, from operations on two 
tracts of virgin northern hardwood Umber m Michigan One of 
them, m Baraga County, was cut in the summer of 1238, the other, 
in Iron County, m 1240 These records, which were loaned to the 
writer for analysis, show the diameter of heartwood, the width of 
sapwood, and the ages of more than two hundred trees at stump 
height 

The area m Baraga County contained trees of all ages on a site 
that IS poor for sugar maple because of moist soil and inadequate 

1 PaeMl2M29ofihetraQalatioubyT Thomson New York John Wiley A 
Sons, Ine., 1229 
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drainage This stand was composed of sugar maple, American elm 
{UhnuB amertcanc^t and yellow birch {Beivia luica)f of equal impor- 
tance in dominatmg the site The area in Iron County had trees 
which seemed to be even-aged This site is better for sugar maple, 
the dominant species, because it is higd^er and has better soil 

WIDTH OF SAPWOOD 

The average width of sapwood at twenty-year mtervals was ob- 
tained by deducting the average diameter of heartwood from that 
of the stumps measured The remainder divided by two repre 
sented the average width of sapwood that is shown by age groups 
in Table I 


TABLE I 

Width op Sapwood and Diameter or Sttoah-Maple Stumps 
BT Aas Qroups 


Age 

Timber all-aged, on poor site 

Timber even-aged, on good site 







group 


Width of 

Stump 



Stump 

(years) 


sapwood 

diameter 


sapwood 

diameter 



(inches) 

(inches) 


(inches) 

(inches) 

120 


MM 

13 3 

■■ 



140 



18 6 




160 


MIM 

14 5 

MM 

53 

13 0 

180 

14 

Klfl 

161 

MM 

50 

17 1 

200 

21 

MM 

18 2 



19 0 


13 


202 

■9 


218 

240 

16 

40 

220 

3 

HU 

233 


It 18 evident that the width of sapwood is greater on the good 
Bite and that tlic greater width rejects the benefits of the better site 
even more than the sises of the stumps at specific ages On the 
poor site the average width was for all practical purposes relatively 
constant Whether thin is caused by quahty of the site or a 
characteristic of all-aged stands cannot be determined from the m- 
formation collected The sapwood m the older trees on the good 
site certainly shows a tendency to be wider This may be due to 
the ability of the site to furnish water and nutnents in greater 
amounts as the trees become larger and older, so long as they main- 
tain a dominant position in the canopy 
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DSCRKABB IN PBOPORTION 07 8AFW00D WITH AGE 

It ifl well known that there is more sapwood m smaller and 
younger trees The data compiled in the present study and recorded 
in Table 11 show this to be true even after trees reach merchantable 
sizes of twelve inches or more at breast height 

TABLE II 

Percbmtagb or Suqah-Mafui Sthmi* Area Compobici) or Sapwood 


Age 

AUrO^ Ireeet 

Even^iged trees, 

group 

poor Hie 

good e%ie 

{yeare) 

(7o) 

(%) 

120 

91 


140 

88 


160 

84 

94 

180 

78 

92 

200 

74 

89 

220 

71 

88 

240 

70 

87 


These data are based on the cross-sectional area of the tree in- 
side ttiG bark at stump heiglit A greater proportion of sapwood is 
evident in trees on the good site, particularly in the older ones It 
IS reasonable to behove that the younger stands of timber on the 
more productive areas will contain more sapwood than those on poor 
sites Lumber from sugar-maple trees grown on good sites will have 
greater value because it contains more sapwood Although it is ad- 
mitted that the younger and smaller trees have a larger proportion 
of sapwood, it does not neoessanly follow that they will produce 
more valuable lumber than larger and older trees in the same stand 

INCREASE IN TOTAL AMOUNT OF SAPWOOD PER TREE WITH AGE 

The small trees above the sapling stage have m their center 
many knots and imperfections which are included in the sapwood 
As they grow older heartwood forms and gradually moludes the 
knots or other defects while the tree annually puts on fresh layers of 
sapwood next to the bark As the trees mature many of the dead 
limbs fall off the lower portion of the bole and eventually the sap- 
wood becomes relatively free of knots From then on the lumber 
from sapwood in mature trees is usually much clearer and freer of 
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defects tliaii lumber from the sapwood in younger and smaller trees 
Many lumbermen and foresters fail to appreciate this fact Some 
become so impressed with the high proportion of sapwood in logs 
from younger trees that they cannot see that there is usually much 
more sapwood on the older trees An mdiration of the maimer in 
which it accumulates is given in Table III, which shows that the 
basal area of sapwood in the tree at stump height increases as the 
tree grows older 

TABLE III 

Basal Absa Pbr Tbbb of Suoab-Maplb Sapwood at Stump Hj&ioht 


Age 

AlUaged IreM, 

JSvetHiged trees, 

gnmp 

poor ezie 

good Site 

iyeare) 

(aguare feet) 

(sguare feet) 

120 

0 88 


140 

089 


160 

0 95 

099 

180 

1 U 

145 

200 

133 

193 

220 

159 

229 

240 

184 

2 57 


The results are based on observations made of the stumps only 
That the findings will apply in a general way to the entire merchant- 
able portion of the tree has been established by measurements made 
at the small ends of more than five hundred sugar-maple logs cut in 
the Baraga County area The records were compiled by the Forest 
Products Laboratory at Madison, Wisconsin, in an unpublished re* 
port dated February, 1940, and entitled Alberta Log Grade Study ’’ 
Although there were no data on ages m this report, it did ^ow the 
same general characteristics for sapwood on the small ends of sugar- 
maple logs that have been noted for it at stump height of sugar- 
maple trees from the area m Baraga County 

In reviewing the field records on the ot^rvations of the stumps 
it was apparent that the width of sapwood is affected by factors other 
than those of age and site Even on the poor site some stumps had 
sapwood widths of more than eight inches It is likely Uiat the lo- 
cation of a tree m a stand m reference to its competitors for light 
and soil moisture has a dominant effect upon the amount of sap- 
wood retained by it The combination of all the factors of site af- 
fectmg a tree controls its rate of growth 
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AMOtTNT OF SAFWOOB AFFECTED BY RATE OF GROWTH 

An inspection of the rpoords of the stumps showing the greatest 
widths of sapwood revealed that they were usually associated with 
a rapid rate of growth The greater the percentage of sapwood on a 
stump the smaller the number of years it took to grow one inch in 
diameter This relation is evident m Table TV, which shows the 
average of all stumps observed In it the average diameter of the 
heartwood also is given to show that the formation of heartwood 
and the reduction of the percentage of sapwood seem to be directly 
related to the decreasing rate of growth or the greater age of the 
trees 

TABLE IV 

Growth of SuoartMafle Sapwood and Diameter of Hrartwood 
(Poor 0 ite» Baraga Couoty, Michigan) 


Age 

group 

(years) 

No of years to 
grow one inch 

Percentage of 
stump area m 
sapwood 

Diameter of 
heartwood 
(inches) 

120 

13 0 

61 

30 

140 

15 4 

88 

47 

160 

170 

84 

50 

ISO 

181 

78 

75 

200 

184 

74 

03 

220 

18 5 

71 

10 8 

240 

18 6 

70 

121 


From the matenal in Table IV alone it seems reasonable to be- 
lieve that, if the growth rate is kept high, a large proportion of sap- 
wood can be retained in a tree, and an inspection of the records of 
individual trees indicates some basis for this opinion Since second- 
growth stands have a high rate of growth and are not likely to reach 
the advanced age of our virgin forests of the past, one can expect 
higher percentages of sapwood in the next cut of su^r-maple trees 
of the northern hardwood forests By maintaming these stands in 
a highly productive condition there will bo even greater propor- 
tions of maple sapwood lumber in the future 

CONCLOBIONB 

1 The width of sapwood was noted to be relatively constant at 
4 5 mohes m an all-ag^ stand on a poor ate, regardless of the age 
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of the tree On a good site and m etn even-aged stand, however, 
the width of sapwood was greater, particularly on the older and larger 
trees 

2 The proportion of sapwood is greatest in the smaller and 
younger trees on both good and poor sites 

3 The total amount of sapwood per tree is greater in tlie larger 
and older trees 

4 The amount and width of sapwood are greater in the trees 
which have the highest rate of diameter growth Foresters will 
therefore mcrease the production of sapwood in sugar-maple trees m 
the future by managing them so as to secure high rates of growth 

TTmviDiusirr or Michigan 



PUBLIC FOREST HOMESTEADS 

HENRY GILBERT WHITE 


T his paper deals primarily with the timber workers and settlers 
of the eutover region of the northern Lake States and with a 
program for improving their standards of living Many of them 
are existing m the most abject poverty, in the midst of fuiest land 
and timber resources which, if properly handled, could supply them 
with an adequate income A plan for Public Foiest Homesti^ads is 
here proposed to help solve this problem It is so called because it 
borrows what was good m the rugged, self-reliant life of early Ameri- 
can homesteaders and adapts it to modem industrial society, where 
the individual cannot stand alone but must find security under public 
guidance 

In analyamg the viewpoints and experience which provide the 
setting for this plan it is necessary to go back into early United 
States Forest Si'rvice history The conservation movement in the 
United States, which m the ^ginning was identical with the forestry 
movement, has always had broad humanitarian objectives Since 
its transfer to the Department of Agriculture in 1905 the guiding 
pnnciple of the Forest Service has been '*the greatest good of the 
greatest number in the long run ” ^ But this has been a long-term, 
nation-wide goal which has often drawn attention away from the 
immediate needs of local people for jobs and for timber products 
Although the theory that the pubhc forest should not be 'Mocked 
up” for the sole use of future generations was accepted,’ most of the 
early effort of the Forest Service was necessarily spent ^in protecting 
the forests from fire and illegal cutting As rapidly as the pressure 
of other work allowed, it put mto effect timber-sale and grasing poh- 
cies permitting the maximum of pnvate use not inconsistent with 
the mterests of the general pubhc The enforcement of these policies 

* Cameron, Jenke, The DeedepmefU ef Oimemmwial Fereat Control tn the 
UnUed 8uae$, p 340 Baltlmom The Johns Hopkins Pressr 1028 

* Finohat, Giffoiid, ''How the National Forests Were Won," Ammcan 
Far$d$midF<^edLif€,ZB(im) 616 
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often meant conflict even with local people unUl they became ac- 
ciifltomed to the advantages of rules that prevented the destructive 
exploitation of the resourcei? 

One of the first real tests of Forest Service policy came with the 
passage of the Forest Homestead Act of 1906 * This law was de- 
signed to correct injustices caused by the mclusion of agncultural 
land within Forest Reserve boundaries Many western people had 
protested against the closing to settlement of this tillable land Those 
with perfected titles to homesteads in the Forest Reserves com- 
plained of being denied neighbors on adjacent treeless land Those 
with squatter rights found that they could not perfect their home- 
stead titles because the surveying of lands in the Forest Reserves 
had been delayed m favor of niMsded surveys elsewhere 

The Forest Homestead Act of June 11, 1906, familiarly known 
as the ''June 11” law, attempted to meet these criticisms by open- 
ing to homesteading any ureas withm the Forest Reserves which, on 
application to the Secretary' of Agriculture*, were determmed to be 
“chiefly suitable for agriculture and might be so used without in- 
jury to the forest leserves ” It was a just and well-drafted bill, but 
few anticipated the homestead hystena and land-speculation fever 
that it released 

Within a short time after the passage of the “June 11” law 
thousands of applications for homesteads were filed with the Secre- 
tary of Agriculture Probably a majonty of them were not made in 
good faith, with the idea of tilling the land, but were attempts by 
private individuals and lumber companies to get title to valuable 
timberland Nevertheless, each application was carefully appraised 
by the Forest Service in order not to prejudice the claims of legiti- 
mate settlors It was a tremendous task of land aonmg that had to 
be done under pressure of tunc and of individuals and groups with 
great political power The Forest Service can justly be proud of the 
manner in which it handled this first real attempt at detailed land 
classification m the United States * 

Only five years after the passage of the “June 11” law the 
Forest Service was faced with the problems of unwise agncultural 

* d4 Statutes at Large of the United States, 238 

* Shernum, £ 8 , “'June Eleventh' and Homestead Hysteria," American 
ForetU and lajk, 86 (1980) * 409, Ise, John, The VnUed Slatee fereet Policy, pp 
164-168, 264^261 New Haven Yale University Press, 1920, 



Pitbltc Forest Homesteads 


171 


use of mountam land m the eastern and southern states The Weeks 
Law of 1911* authorised the establishment by put chase of national 
forests east of the Mississippi Oft4>n this meant buying up culti- 
vated hillside faims and dispossessing the occupants What hap- 
pened to these people after their homes and lands were sold to the 
Government was not a primary (oncern of the Forest Bi^rvicc at 
that early date Aciordmg to the prcvailmg theory, it was assumed 
that they could and would seek better economic opportunities else- 
where 

It IS not strange that the Forest Service, on the basis of these 
expenences, had a strong defensive comjilex against those who at- 
tempted to invade the pnstme domam of the national forests 
Settlers were expected to earn their entire income from farming 
Widespniad unemployment, agricultural depressions, and the full 
effect of disappearance of the western frontier had not yet suggested 
the need for more intensive use of the public forests to support desti- 
tute forest workers and settlers 

A similar policy of classifying land for its best use and, if that 
proved to be forestry, of moving tlie settlers out or, at least, of pre- 
venting further settlement, was later advocated and adopted m state 
and county land-zoning laws The Wisconsin legislature passed the 
first rural land-zoning law m 1923 Its original purpose was to give 
the counties control over suburban land development The authori- 
zation for counties to regulate the use of land for agriculture, forestry, 
and recreation was enacted in a 1929 amendment The first county 
zonmg ordinance under tlus amendment was adopted m 1933 * A 
few other states have similar zoning laws, but they have made less 
progress than Wisconsm ^ 

Rural zonmg represents a very worth-while tiend, with one 
important limitation. It assumes that settlers have only one 
objective and one source of income — farming The need for part- 
or full-time forest workers and for homes for them in Ihc fores! law 
been entirely ignored The zonmg ordinance of Florence County, 

* 86 Statutes at Large of the United States, 901 

• Rowlands, W A , and Trenk, F B , Rural Zoning Ordinancea tn Wtaconatn, 
pp 8-6 Ciroular No 281 of the Extension Service of tlie College of Agnoulture 
of the University of Wiscorain, July, 1031 

^ Walker, Herman, Prohlsms and Suggettiona in ihe Drafting of RunU Zoning 
Rnabhng Zogtshium, pp 4^7 Land Use Planning Publlcatian No 10 Resettle- 
ment Administration, Washington, D C , Deoember, 1930 
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WisconGun, reveals this deficiency * It provides for three classes of 
use forestry, recreational, and unrestricted No family dwellings 
may be built m distncts zoned for forestry In the other two classes 
family dwellings arc allowed Thus a woods worker or part-time 
forest guard who must hvc near his work may be hard pressed to 
find a home site m an adjacent recreational or unrestricted district 
If he secures such a site in a recreational distnct, he is prohibited 
from clearing land and farming He must make his entire livmg from 
forestry work or recreation and, unless there is some wild-hay land 
available, he must buy all the feed for the horses he may need for 
logging and other work 

This situation may seem sensible to those who thmk of forestry 
in terms of reservmg the forests for the use of future generations, 
but it docs not conform to past experience or present-day needs 
Throughout the history of the lumber industry m the Lake States 
loggmg has usually not been a full-time job Many of the early 
lumberjacks had farms on which they worked during tlie summer 
months with the idea that they would eventually become full-time 
farmers But experience has provinl iliat a large number of the 
northern farms will never become sclf-sustauung Their owners 
will always have to rely on wootis work or other jobs to supplement 
their income 

In Sweden, where systematic forest organization has progressed 
further than in this country, the need for homesteads for woods 
workers located in or near public forests has long been recogmzed 
As early as 1891 provision was made for leasing of homesteads to 
forest workera m one of the northern forested provinces Each 
homesteader was given timber, free of charge, for buildmg and other 
purposes, and also a grant of money During the early part of 
each lease the homestead was rent- and tax-free In return the 
homesteader was obligated to make good use of the site, serve as a 
forest guard, and work m the woods at the current wage • 

With certain modifications this system of encouraging settle- 
ment m northern forested Sweden has continued up to the present 
day A royal decree of 1925 provided that homesteads should be 
granted only where “there is considered to be available supple- 

* Rowlands and Tnmk, op cU^pp 34-59 

* The Royal Social Board, ififoei^ Work and Leg%$laHcn tn Sweden, Second re- 
vised English edition, pp 278-^375 Stockholm TryckenaktlebolagetTiden, 1938 



Puhltc ForeBi HimeaUadB 


173 


mentary work to enable the nettler and his family to obtain the 
necessary subsistence The settler is allocated 8 to 17 hectares of 
cultivable land, and besides as large an area of forest land as, with 
ordmary care and good management, will suffice to produce an annual 
supply of 15 to 20 cubic metres of timber The lease is grant^ed for 
15 years Dunng the first ten years the settlor is exempt from the 
payment of rent ho enjoys certain grants from the State with 

no obhgation to refund 

“For the buildmgs of his holding, the settler receues fitim the 
State a building grant of up to 3,500 kronor, m eertam exceptional 
cases as much as 4,500 kronor As a rule the settler himself takes in 
hand the erection of the buildings, but in (certain easels the State takea 
charge of the work Furthermore, the settler receives, free of charge, 
the bmldmg timbei he requires, together with necessary fuel ” “ 

In the United States the demand for full development of em* 
ployment opportunities on public forests was not widely expressed 
until the depression years following the market crash of 1929 Dur- 
ing these years foresters were among the first to invite the use of 
destitute settlers and unemployed workers in planting and improv- 
ing devastated forest lands In the beginning this solution of the 
problem was considered a temporary expedient for the relief of these 
people imtil their former sources of income should commence to 
flow again Wheie the relief workers lived during this period was 
of no great concern to public officials But as the need for relief 
work on the forests stretched from months into years it became 
apparent that the temporary government camps, the dilapidated 
cabins, and the tar-paper shacks which housed them were just as 
great a bar to their permanent rehabilitation as was the lack of an 
assured source of income 

In the forests of the noithem Lake 8tat<»8 sc^vcral moves were 
made to establish permanent homesteads and improve existing ones 
for people needing relief A comprehensive plan was ifrepared by 
the Forest Scivice in 1935 for the settlement and relocation of sub- 
marginal farmers and unemployed people on small tracts of farm 
land m or near the national forests ^ It provided for loans and tech- 

M /bui , pp 275-276 

u Camp, John R , A Plan for Social Adgualment far the Fareot Aroao of the 
North CewM SlateSt toUh Special Reference to the National ForeeU United States 
Department of Agnoulture, Forest Semee, 1965 (ffttneoffraphed) 
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meal assistance in building up adequate homesteads It was not 
expected that many of the settlers would be able to earn their whole 
living from farming, it was thought that most of their cash income 
would lie denved from forestry work on the national forests Home- 
steads were to be pui chased over a long period of years through de- 
ductions from their cash earnings The plan suggested that in some 
cases leasing of the homesteads rather than outright purchase would 
be advisable botause it would place less of a burden on the settler 
and would pro\ ide a check on the wise use of the land 

The exec ution of this plan, at least in its entirety, was dependent, 
however, on large emergency relief appropriations, which were nevei 
forthcoming It must bo said to the credit of the Forest Service 
that, although appropnations were lacking for exe<*utmg the 1936 
plan, a numbei of less ambitious schemes for aiding the people of 
certain localities have been undertaken 

The Drummond project on the Chequamegou National Forest 
in northwestern Wisc^onsm took some of the* unemployed woodsmen 
and ** sharkers” left m the wake of a large-scale destructive logging 
operation, put them m nc^w homes in a little forest community, and 
gave them part-time jobs in foiestry work Two important lessons 
were li'arned from this project (1) that building houses wth relief 
labor 18 expensive unless part of the cost is cliargcd directly to relief, 
and (2) that foiest communities should not be developed where there 
IS little or no commercial timber unless no alternative exists or there 
IS reasonable assurance of appiopnations over a long period of years 
for planting and other forest-rehabihtation work The ultimate 
goals should he self-liquidation of the investment in buildings and 
forestry work and self-sufficiency or financial independence of the 
homesteader 

The Chippewa National Forest of north-central Minnesota is 
better supplied with merchantable timlier then the Chequamegon, 
and so has been able to inaugurate a program of rel^mploying and 
rehabilitating settlers on an informal, cooperative baas The first 
stop has been to coordinate forest-management plans with the em- 
ployment needs of the local people Wherever possible, timber sales 
and fonu^t-improvement work are allotted to local settlers The 
Forest Sendee also assists by land cxcluuige in the relocation of 

” Other divimons of the United States Department of Agriculture as well as 
the Forest Service paitiripated in this project 
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Bottlers on better farm land ciosor to opportunities fur work and 
community services 

Now that the Chippewa, Drummond, and other projects have 
tested the prospocia and methods of rehabilitatmg the people of 
substandard income in the cutover region, the time seems ripe to 
inaugurate a plan for meet.ing and solving these problems on a 
permanent, region*wide basis Several organizations^^ have n'cently 
attempted to focus public and legislative attention on the problems 
of the cutover region and the steps that might be taken to solve them 
The Northern Lake States Committee report** shows that a decade 
of depression, relief appropriations, and desperate striving fur rt>cov- 
ery has not obliterated the effect of many decades of destructive 
exploitation of resources If action does not result from these coni- 
nuttee recommendations, it will be because their plans are not gean*d 
to fit present governmental trends, for many of them nsquire larger 
relief appropriations than can jiossibly be obtained at the present 
time, when national and even local emphasis is shifting to military 
defense 

Artificial stimulation of business by dc^fense expenditures ma> 
brmg temporary prosperity to the extractive industries of the north- 
ern Lake States Some of this money will trickle down to the woods 
workers and millmen, but very little of it will reach the submarginal 
settlers And when defense activities slacken the northern Lake 
States region may face a greater depression, with its resources mure 
gutted than before 

This, then, is the time to adjust the economy of the region to 
withstand the shocks of mdustnal collapse The region must tackle 
that problem in the face of declining relief appropriations It has 
two resources with which to work an abundance of forest land “ 
poorly stocked, to be sure; and manpower, with its strength sapped 
by years of underemployment, but still lit with a spark of hope for a 
better way of Me 

The plan here proposed to meet the challenge of this emergency 
18 called *'pubhc forest homesteads” because it adapts the best fea- 

^ The Nortbern Lake States Regional Committee of the National ReMuroeB 
Committee and a FaeUitating Interbureau CoBrdinatiiig Committee of the 
tJnited States DefMtrtment of Agneulture 

» RefftonalFfanningt PoH7 ^ Norlhem I^SUUeB Report of the Northern 
Lake States Regional Committee to the National Resources Committee Wash- 
ington Oovemment Rnnting Office, 1039 
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tures m the life of the rugged pioneer homesteader to the require- 
ments of the present day Perhaps the name does not fully describe 
the comprehensive method by which the forest resources and in- 
dustries of the region must ultimately be rebuilt to contribute most 
to the welfare and secunty of the local people But it does indicate 
the central idea of providmg permanent homes for woods workers 
who will protect and improve the forest and find sccunty and happi- 
ness in a forest economy 

The essential f(»aturt*a of the plan are these 

1 Iwocal uncmjiloyed or imderemjiloycd people who are inade- 
quately housed and have no land would be leased small tracts of 
tillable land (where available) and supplied with timber and other 
building materials at cost, often m exchange for labor, with which 
they could build themselves satisfactory homes Settlers adequately 
supplied with land but with unsatisfactory buildings would be aided 
with building material and loans Settlers located inconveniently 
far from work opportunities and community organization should be 
relocated by land exchange, but not with the idea of depopulating 
the forest, upon which most of them ai*e dependent for their cash 
mcome In one way or another every settler should be provided 
with enough tillable land on which to grow much of the food needed 
for his family and his livestock Although the cost of a subsistence 
homestead built up chiefiy with a man’s own labor should not be 
great, it would be unwise to require all settlers to buy thoir home- 
steads from the Government if they do not wish to do so or ore 
financially unable A long-term low-rate lease, terminable for good 
cause, would protect the rights and mterests of both the lessee and 
the lessor — the latter being the Government m most cases 

2 Sufficient forest land should be dedicated to the use of each 
homestead or forest community to supply employment in harvest- 
ing the timber and to provide wood for home requirements 

Owing to the varying conditions and resources of each locahty 
considerable flexibility would be necessary m budgeting available 
employment In areas where the forests have been so thoroughly 
exploited and burned that there is httle commercial timber left the 
public would have to continue to make long-term mvestments in 

u On most public forovta there is some limber of litUa value for sale or as 
growing stock which could properly be used for homeitead omutruotioa. 
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planting, fire protection, and other forestiy work In many areas 
there are adequate timber resources to expand employment m timber 
cutting if new markets and new industries can be developed which are 
adapted to the kmds of second-growth timber available 

A recent estimate places total additional employment needs m 
the cutover region at 60,000 man-years, including urban as well as 
rural workers The full burden of supporting ^1 these people can- 
not properly be placed on the forest resources of the region, but 
scientific forest management can ultimately find jobs for many of 
them In parts of Europe where mtensive forestry is practiced the 
time of one man is required on each 100 acres Forestry cannot be 
practiced on such an intensive scale in the Lake States But if at 
present only one man per 1,000 acres could be given full-time work 
the national forests of the region, which cover nearly 6 million acres, 
should be able to mamtain 12,000 homesteaders on half-time work If 
state and coimty forests (contammg over 12 milhon acres) were also 
managed on this basis, 24,000 homesteaders would be provided for 
There is also no reason why private timber owners could not employ 
forest homesteaders to advantage No attempt at an exact forecast 
is here made, but these figures mdicate the potential capacity of the 
forests of the region to provide productive work 

3 In the long run public forest homesteads should be conducted 
on a self-hquidating basis Cash mcome would be derived pnmaniy 
from timber and other forest products It is clear that, when the 
forests arc m production, the homesteaders are gomg to be badly 
needed for protection and improvement work and for timber cutting 
The immediate costs of this program would depend on how rapidly 
it IS put mto operation The heaviest expense would be meurred 
during the first few years m supervismg homestead development and, 
when jobs are scarce, m providing employment on conservation 
projects It would certainly not cost any more to establish and mam- 
tarn a family on a forest homestead than it does to hire, ^uip, and 
supervise one Civilian Conservation Corps boy Many of these 
famibes are receiving rehef money anyway, and so the cost would 
not be any greater if they were employed on forestry work, in which 
there is some prospect erf hqmdatmg the investment 

Fstenon, LysU, “A Pemument Solutioii to Unemployment and Relief 
PmUerns in die Northm States durotagh Forestry Measures July, 104iQ Un* 
publislted manusenpt 
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4 The resettlement and reemployment program on the Chippewa 
National Forest has shown that little new federal authonzation 
would be needed to carry out a similar plan on a broader basis 
There is already available within the Department of Agriculture most 
of the machmory for land exchange*, farm-improvement loans, free- 
use (timber) permits, sales of timber at cost, small timber sales, and 
so on Past advances have been limited by lark of a clear-cut program 
and the personnel to push it How(*vi*r, a federal forest homestead 
act wluch would establish an active policy toward loc al settlers and 
claiify the authority of forest officers would serve a useful purpose 
The states and <‘ounties need not onl> policy-forming legislation, 
but also additional funds and personnel if their forests are to be 
plated under tonstructive managenic*nt for the benefit of the local 
people 

5 The Drummond project in Wisconsin has proved that the 
rehabilitation of forest workers (*annot be entirely succi^ssful unless 
it IS done as part of a largei scheme to develop the forest resources 
and timber markets to tlic*ir full capacity Thus a supplemental 
program would be vital to the success of the public forest homestead 
plan Such a program should include the following elements 

(a) Encouragement of cooperative logging, millmg, and marketing 
of forest pioducts in order to increase the efficiency and bargaining 
powei of small logging and milling operations wluch have been so 
prevalent m the Lake States in recent years 

(b) Government logging should be authorized where mature and 
o\ ennature timber is available, but sales of stum page are not brmging 
the volume and stability of employment needed by local woodsmen 
Tlus 18 not so radical a thing as might at first appear In Europe the 
harvesting process has always been considered simply a phase of the 
job of growing timber, just as the farmer considers harvesting a 
part of hiR job That government-logged timber would glut the 
lumber market need not be feared if it goes into construction of forest 
homestoads, into new industries, and into low-cost housing according 
to the plans outlined under (c) and (d) below 

(c) New indiiatnes capable of using low-grade second-growth tim- 
ber should be encouraged by research, low-mtereat loans, and gov- 

" White, H G , "How Forestry Can Help to Solve the Unemployment Prob- 
lem " Statement prepared for Congressional Committee on Unemployment, 
Seventy-flixth Congrees 
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ernment pilot plants As more and more big sawmills close down 
owing to exhaustion of old-growth timber and inability to operate on 
smaller timber there arc going to be real opportunities for the de- 
velopment of new industries 

(d) During recent years both urban and rural home ronstmction 
and repairs have lagged far liehind normal rc(]uiremenls This means 
that many people aie living in unHanitar> tenements, obsolett* homes, 
and flimsy shacks The construction industry, even with present 
fedi»ral OHsiHiunce, has fuiliHl to tap this huge market for low-rc'nt 
and low-cost houses Most low-income groups have idle time which 
could be put into liome c*onstru< tion A self-help housing pnigiam 
for both farmers and city dwellers is necnlcd to mt'cl this situation 

(c) In the long i un, everv thing which builds up the forest resources 
and leads toward sustained- viold management of pin ate timber 
holdings will increase the volume and stability of employment For 
this i^asem every effeirt should be made to extend public ownership 
and control ov er as much as possible of the privati^ tiinberlands that 
arc not being prope>rly managed Pubho legulation of cutting 
practice's should also Im* adopted in order te> prevent contmuation of 
df*stiuct,ive logging and, consequently, the further aggravation of the 
problem of idle forc'st land and idle woods worker Theise* pn\atc 
land owners who have demonstrateel their willingness and ability to 
manage their timber on a pe'rmanent basis should be given every 
encouragement But if they require such large public subsidies that 
the Government has to put lu as much money as would be required 
to buy the land, the laud might as well be placed under Go\omment 
ownership in the beginning, so that the public interest will be fully 
protected 

One should bt suspicious of any siniplo panacea prescribed for 
the complex social and economic ills of a cutover region such as the 
Lake States The estabhshment of public foicst homesi($ads alone 
will not be enough But if the problems of the region are attacked 
concurrently along all the fronts indicated above there is hopeful 
prospect for development of a stable and pixisperous forest economy 
The attack must be integrated It must be cenU»red on immediate 

" Invetitffatton of Coneenlrahon of Sconamte Power Pari XI, Cofutruetton 
Indueirjf Heanngn before Temporary National Economic Committee. Seventy- 
sixth Congress Washington Oovemment Printing Office, 1940 
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needs The public forest homestead plan supplies that unified ap- 
proach, for it reduces the problems of the people to two basic ele- 
ments — the need for a home and the need for forest land from which 
to earn a permanent livelihood The plan, then, seeks directly to 
supply those missing elements 

United States Fobebt Service 
St pATni, Minnesota 
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ALABAMA SPIDERS OF THE FAMILY 
MIMETIDAE 


ALLAN F ARCHER 

I N 1939 and 1940 1 collected an extensive senes of Mimetidae in 
Alabama while making an inventory of spiders under the auspices 
of the State Department of Conservation The members of this 
family are of interest on account of their habits, habitats, and dis- 
tnbution Only two genera, Mtm^tus and ErOf are known to occur 
m Alabama MtmetiLS preys exclusively on spiders, many species of 
which are useful m controlling insect populations Little information 
IS available about the pre\ of Ero 

'I’he family Mimetidae may be* described briefly as follows 
three claws, the first and second tibia and metatarsus provided with 
a row of long spines, the interapaces between which are occupied b> 
a row of much shorter spines ^ The chehcerac lack a boss (lateral 
condyle), and the palpus of the female has a terminal daw Petriin- 
kevitch® places the Mimetidae m the group of thrce-elawed spiders 
(Tnonychae), close to the Archoeidae, Palpiraanidae, and Uloboridae, 
but interposes between this group of families and the Argiopidae a 
whole senes of famdies, such as the Amaurobndae, Agelenidae, and 
Lycosidae I do not believe that the present evidence warrants this 
arrangement, and 1 prefer to follow Bnstowe,’ who classes the Mime- 
tidao close to the Argiopidae in the upper rank of Ecnbellatae 
The two Alabama genera may be separated as follows 

1 Legs I and II much longer than legs 111 and IV, clypeus definitely shal- 
lower than the ocular region Mtmeius 

2 I^egs 1 and II very httlo shorter than legs HI and IV, clypeus dot shal- 
lower than the ocular region Ero 

In general, the species of Mtmetua are of greater stature than 
those of Ero, and are a little slower m their locomotion Ero appar- 
ently makes a web, but MtmehiB is not known to do so 

^ There are some departures from this arrangement of spines m certain 
exotic genera 

• Mrunkevitch, A , Tnww Conn Acad Set , 33 144, 160-161 1940 
’ Bnstowe, W B , Free Zod Soe London, 108 Part 2, 285-321 1038 
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MIMETUS Hentz, 1832 

The author of the genus Mtmeius at first believed its web com- 
bined features of the webs of Aranea and Thendtan He based his 
belief on the fact that his first specimen was found in the web of 
Metepeira laityrirUhea (Hentz), which makes a web of exactly this 
type The epigynum of the females of Mtmetaa is m the form of a 
caudally projecting chitmized lobe The male palpus has a chi- 
tmized cymbium This genus is widely distributed m Alabama, but 
fortunately for the spiders which fall prey to the several species, they 
are not very abundant in any one locality Although generally slow 
m its movements, each spider displays great cleverness m stalking its 
quarry Apparently its invasion of a nest or retreat usually takes the 
occupant by surprise Even when the inhabitant is on guard it at- 
tacks aggressively, and is quite capable of kilhng spiders larger than 
itself When protecting its eggs it keeps very quiet, with its legs 
drawn up Not mfrequently the female remains in the web of her 
victim, and lays her eggs m it On a number of occasions I found, 
much to my amazement, gravid females of Mttneitu occupying nests 
of other species of spiders 

In 1923 Chamberlin ♦ completely revised the North Amencan 
species of Mimeius Since then several more species have been de- 
scribed We now have a large senes of locahty records from both 
Alabama and Texas The Alabama senes has enabled me to clear 
up certain doubtful matters, particularly the correlation between 
color patterns and the identification of species, which is based on 
Chamberlin’s study of the gemtalia Although there is a certain 
amount of variation in the color pattern of each species (especially 
m the males), the limits of vanation are rather definite Chamberlm 
found that there are two common species m the southeastern states 
He determined the identity of one of them, M interfeetor^ on the 
basis of the male and the palpus, as shown by Hentz, » Plate 16, 
Figure 13 The color pattern and the external morphobgy of tiie fe- 
male m Figure 12 show that it is not of the same species as the 
male in Figure 13 Since it is the ngjht of the first reviser to fix the 
species m question and smoe there is no such thing as figure priority, 

« Chatnberbn, R V , J<mm EnUmel , Pomona CoBoge, 16 3-0, figs 1, 0 
1923 

■ Hentz, N M,/oum 0*3 1800 
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Chamberlui’fl deciaton muat stand The imnuiture male diown in 
Figure 14, M iaberotua Hents, should be considered a synonym of 
M interfedorf and this is m aocordance with Chamberlin's opinion 
Finally, the female shown in Figure 15, M sylkpsmia Hentz, l^longs 
with male of Figure 13 It is fortunate that the ample senes of 
female inleTfedar from Alabama clearly establishes the fact that 
syUepatctiB is a synonym of interfector In a later section I sliall 
designate neotypes of each of these synonyms in order to clanfy 
their position 

In the species of Mtmelus treated below a record from Florida 
and another from a county m Georgia are included, since each of 
these areas is close enough to the boundary of Alabama to furnish 
additional evidence of distnbution of the species 

Mtntetvs puniamta Chamberlin 

M%meiu$ wtmfeetor Hentc (in part), Joum Boston Soo Nat Hut ,6 pi 4, fig 
12 1850 

MimetuB ttUerfedar Emerton (nec Hents), Trana Conn Acad Soi ,6 16, pi 3, 
fig 3 1882 

Mtmetua punianua Chamberbn, Joum Entomol Zool , Pomona College, 16 3-6, 
figs 1,6 1023 

Morphology — The geueial ground color of both sexes is pale 
yellow or dirty white The color of the folium on the dorsum of the 
abdomen of the female is quite solid, being plain brown or tinged 
with purple The border of the folium is a serrated black line, and 
there are two conuna-like pale or white marks between the shoulders 
The caudal side of the shoulder humps may or may not have a white 
zone The carapace is ornamented with thick brown or black double- 
Y-shaped hnes, the apices of each Y reaching the ocular tubercles 
and the inner branches of the Y's joining behind the posterior median 
eyes The nght and left external zones of the carapace are each 
ornamented with a dot The epigynum is broad caudally and un- 
usually stout, and the aperture la visible from the ventral side The 
outer margin of the cymbium of the male palpus has two spmes lo- 
cated proximad of the apical one, a position not found m the other 
species 

Type locahJLy — Ithaca, Tompkins County, New York 
Dwfrtbvhon — Alabama* Baldwin County, Dyas Creek, fe- 
males; Dale County, Anton, male, Morgan County, Cave Spring 
Cave, females. Georgia Muscogee County, Upatoie Creek, female 
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This spGciGH iH distributed throufdiout the Appalachian Highlands 
In Alabama it occurs only occasionally, and is present not merely 
in the Cumberland Plateau and the Piedmont, but also m the lower 
portion of the Coastal Plam Both puntanus and a number of other 
spiders of known Appalachian distribution appear to have extended 
their ranges into the C/oastal Plain from the Piedmont by way of the 
Chattahoochee and Pea river vallev systems 

Ecology — This species is found on the under surfaces of the 
loaves of gallberry (Ilex glahra)^ holly (/ opoca), and vanous other 
evergreen and deciduous shrubs It has also been seen in impres- 
sions m the overhangs of ledges near the mouth of a cave It occurs 
m ravines having hardwood and hardwood-coniferous cover, as well 
os m flat woods, particularly of the loblolly- and longleaf-pine types 
It IS not known from uplands In one locality it was observed inside 
an old building The information available in my field notes mdi- 
cates that puntanus attacks two species, Ttdarrmfordum (Keyserlmg) 
and Thendwn ieptdanorum C L Koch 

Mimetus tnterfecior Hentz 

Mtmelua tfUerfector Hents (in part), Joiirn Bc»Bton Soc Nat Hiot ,6 pi 4, fig 
13 1850 

Mttneiits tuherosus Hent», tbtd , p 3, pi 4, fig 14 Neotype, Alaga, Houaiun 
County, Alabama, male, August, 1040 Archer collection, Alabama Museum 
of Natural History 

Mtmehu 9 yUepBicug Hontz, tbid , p 34, pi 4, fig 16 Neotype, lUndon's Creek, 
Monroe Coimty, Alabama, female, April, 1040 Archer collection, Alabama 
Museum of Natural History 

Af infcr/eetor, Chamberlm, Joiurn Entomol Zool , Pomona College, 15 3-7, 
figs 5, 0 1023 

Morphology — The general ground color of both sexes is nearly 
white or, occasionally, faintly green The folium on the dorsum of 
the abdomen of the female usually consists of a broad black disk be- 
gmnmg at the pedicel and extending back to the shoulders, from there 
it may or may not reach the apex The folium of one female is m the 
foim of an irregular moss of wavy broken lines and red spots Its 
abdomen is broader proportionately than that of either M purttanus 
or M noitits The shoulder humps or horns are quite prominent, 
except in gravid females The abdomen of the male is ovate, and the 
dorsal pattern is rather variable In some males the pattern may 
consist of four large spots, but m other males the folium is marked 
by a senes of irregular brown or black Imes, and Uiere may be a dis- 
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tmctly serrated border One or more pairs of pale spots may also be 
present on the folium The carapace of both sexes has a bifurcated 
black or brown line united anteriorly and posteriorly^ usually with a 
longitudinal bar The pattern of the female may be very broad and 
irregular m its posterior extension, and there are often a pair of black 
dots behind the posterior median eyes and a pair on the external 
lateral region of the carapace The chelicora is black from the fang 
one third to more than one half the way back to the base The 
labium has a pair of dots 

The epigynum is rather elongated, with the sides a little more 
parallel than they are in the other two species The aperture is not 
visible from the ventral view It is partly divided into a distal and 
a proximal portion by lateral processes The cymbium of the palpus 
of the males terminates apically in a very prominent spine, and the 
apex of the bulb bears two lol>es The anal tubercle is small 

Type loealtty — Male neoholotype and female allotype, Tusca- 
loosa, l^iscaloosa County, Alabama, October, 1938, January, 1939 
Archer collection, Alabama Museum of Natural History Hentz 
lived m Tuscaloosa from 1842 to 1846, and it may have been in this 
locality that he collected the male on which the species is based 

Dtetnbulion — Alabama Baldwin County, Jackson Oak, fe- 
male, Magnolia Springs, male, Coosa County, Hatchc*t Creek, 
females (rather frequent), Houston County, Alaga, immature spec- 
imens, Omussee Creek, female, Jefferson County, Birmingham 
(R V Chamberlin), Monroe CJounty, Eandon’s Creek, female, 
Shelby County, Morgan Station (R V Chamherhn), Tuscaloosa 
County, Alberta City, female, Tuscaloosa, females and males (fre- 
quent) rionda Calhoun C3ounty, Bristol, females and males 
This species is known from the southern two thirds of the state 

Ecology — The spiders ore found on the under surfaces of the 
leaves of holly, laurel (Kaltma laitfolta), stinking bay {lUtaum 
flortdanum), bay {MagnoUa glaiica), and bull bay (M *grandtflora), 
hydrangea, and ironwood In the winter it prefers evergreen shrubs, 
except when stalking its prey It is also found under high hedges, 
and it mvades the basements of houses The preferred situations are 
hardwood, hardwood-coniferous ravine areas, and lowland woods 
I have observed it prevmg on some of the following spiders Ttdarren 
fordum (Keyserling), Thendton teptdanorum C L Koch, Metepetra 
Ubynnthea (Hentz), Aranea mntaia (Walckenaer), A pegnta (Wal- 
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ckenaer), and Bcveral species of Dtciyna Its egg sacs are roughly 
oblong and are fastened to the web of a thendiid or argiopid spider 

Mtmeius rtoitus Chamberlin 

Mimetui noUta Chamberlin, Journ Entomol Zool , Pomona College, 16 8-6, 7, 
hgs 4, 10 1023 

Morphology — The ground color of both sexes is pale yellow 
The folium on the dorsum of the abdomen of the female is a mass of 
curved, wavy, or zigzag black lines, with some red markings inter- 
spersed, especially m the region of the shoulders It is sometimes 
bordered by a deeply serrated ime A white mark is often present 
on each of the shoulders The shoulder humps are very elevated m 
the females In the male the pattern may be very much like that of 
the female or it may be merely a senes of dots on a brown back- 
ground The carapace has a group of vanously branchmg black lines 
The antenor portion of the pattern is W-shaped, each apex termmat- 
mg close to the ocular tubercles The distal end of the ohdicera is 
black, but the color dof*s not extend far proximad, the rest of the 
cheltcera is brown It must be borne m mind that there are some 
exceptions to the patterns described above 

The epigynum is very wide at the base, rather short, and bluntly 
narrowed apically The aperture resembles that of vrUerfector m not 
being visible from the ventral view, but differs m not being armed 
with teeth The cymbium of the male palpus is terminated by 
a short, wide curved spine, but the apex of the bulb bears only 
one lobe 

I'ype locaMy — Runnymede, Osceola County, Florida, R V 
Chamberlm 

Dtairtbuiton — Alabama Baldwm County, Bay Minette, fe- 
males, Dyas Creek, femalea, Hog Creek, female, Cherokee County, 
May's O^f, female, Cleburne County, Cheaha State Park, females, 
Covington County, Bed Level, immature specimens; Escambia 
County, Brewton, female, Little Biver State Park, female, Geneva 
County, Panther Creek State Park, female, Hale County, Praine- 
viUe, females and male, Houston County, Dothan, females and male 
(frequent); Jefferson County, Cooley Creek, immature specimen, 
Lee County, Chewacla Creek State Park, females, Mobile County, 
Satsuma, female, Spring Hill, immature specimen, Mobile, female 
(H P Lodmg), Montgomery County, Waufl^, female, Tuscaloosa 
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County, Tuscaloosa, female and male This species has been found 
over most of the state except m the region of the Tennessee Valley 

Ecology — This species is found on the under surface of the 
leaves of evergreen shrubs in swamp woods (red gum, tupelo), m ravine 
woods on laurel and huckleberry, and in upland woods (pme, black- 
jack oak, turkey oak) on yaupon (Ilex t>omtiona)f gallberry, and pin 
oak (Queretis launfoltd) It is present m longleaf-pme areas On the 
whole, Af notiiis is not partial to any single habitat complex, and it 
18 m dry upland country It is quite common in red-cedar thickets on 
(*halk praines It also mvades buildings I have noted it particu- 
larly m cabins in state parks and m tourist camps, as well as on picnic 
tables 

1 have observed M notiua preying on some of the following species 
of spiders Thendion tepidanorum C L Koch, T sptraie Emerton, 
Latrodectiia mactana (Fabncius), Tetragriatha Idbonom Honts, Afefe- 
peira labyrttUhea (Hentz), Aranea pegma (Walckenaer), and Euatala 
anaatera (Walckenaer) 

Mimettts tiUandslaey sp nov 

Carapace elongate-cordate and havmg black spines, one posienor 
pair preceded by two sets of three spines, one spine behmd PLE, one 
spme between PliK and PME, one pair lietween PME and AME 
Carapace pearly, with ruddy margins Legs and appendages waxy 
Legs having the stout spines buff and the typical arrangement 
Palps spmose Sternum two thirds as wide as long Coxae I and II 
close together, III and IV close, IV well separated from each other 
Abdomen oval and lacking humps, scattered hairs present Dorsum 
of abdomen with chalky lateral stripes and a central longitudinal 
Btnpe, two olivaceous stnpes interposed, surmounted with hairs, 
bases of these hairs red, a basal black spot, a premedian lateral 
spot on each olivaceous stnpe and followed by three similar spots 
in the apical region. Length 50 mm Legs, l-2'4-3 arrangement, 
I pair, femur 1 0 mm , tibia 3 9 mm , tarsus 4 0 mm , metatarsus 
20 mm 

Epigynum as illustrated m Fii^ire 1 Pit on dorsal surface not 
visible except m caudal view Aperture having three denticles on 
caudal border, oval, and with a black border, no dorsal strip ap- 
parent Cauckl end of epigynum faintly mdented toward the latei^ 
borders Spermathecae long, not noticeably constneted at the 



190 


Allan F Archer 


iHthmus, the anterior and caudal ends diverging This species con- 
trast's with M hesperus Chamberlin in the internal structure of the 
epigynum and m having more nearly parallel sides The abdomen is 
more nearly oval and the longitudinal markings contrast with the 
transverse black Imes that occur in the few specimens of M kcaperua 
that I have seen 

Type Tjorahty — Female holotype, Allandale, Volusia County, 
Florida, Decembi'r 30, 1940 Female (immature) paratype, Jackson 
Cak, Baldwin County, Alabama, January 17, 1941 Archer collec- 
tion, Alabama Museum of Natural History 



Fig 1 iiUandatat AUatidale, Vuluma County, Flondu 

Tn both localities this species was taken m Spanish moss {Ttl~ 
lartdsta nsmoidea) in hammock woods It seems to prey on Ettalala 
anaatera (Walckenaer) and other species 

The seasonal disinhiiiton of Mtmeins — Adult fenudGs and males 
of two of the four species m Alabama have a rather wide seasonal 
distnbution The seasonal data are as follows 

M purUama June, 9 c^’, luly, 9 c? 

M tnier/eetor January, 9cf’, March, 9, Apnl, 9, June, 9, July, cT, Octo- 
ber, (ft December, 9 

M wUvM May, 9 <f, June, 9, July, 9, August, 9, Beptember, Octo- 
ber, 9 cf , November, 9 
Af ttUandatae December, 9, 
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ERO C Koch, 1837 

Tlie genus Ero is representcxl by three known species m Alabama 
Although it IS very uncommon, enough specimens have l>eon collected 
to indicate that it has a state-wide occurrence In the Tennessee 
Valley it appears to be more widely represented than Mtmeiua 
There is evidence that all three species constnu t some sort of web or 
shelter, but the w^eb is very simple and small 1 have no data on the 
prey of spiders of this genus, but on two occasions 1 found wandering 
individuals close to the v^eb of species of Ijcphihyphantea (Imyphiid 
spiders) Comstock ** states that the egg sacs are neai ly spherical and 
aie Buspiended by a stung of coaise threads which envelop them 
The female genitalia of Ero camoms Chamberlin and Ivie have 
never been described Although this siiecies is kno^n only from the 
northern Appalachian Highlands and the Rocky Mountains, it seems 
advisable to include it with the Alabama species in the following 
key 

1 Epigynum a single prominent, bilobed, heavily chitinised mass, the 
vulva obscured by a lidlike proieetion, the surrounding area above the 
epigyniim not tlothed by long hairs Kro lodmgi 

1 Epigynum not prominent, bilobed, or heavily clutmised, the area above 

the epigynum clothed by scattered hairs 2 

2 Epigynum simple, spermathocae visible, not being obscured by cbitmous 

plates 3 

3 Spermathecae shaped hke fishhooks, the short terminations facing each 

other, and less than a diameter apart, caudal margin of epigynum 
nmlike Ero eanwnta 

3 Two large circular holes, one diameter apart, on either side of a central 

plate, each extending into a diverging spermatheca Ero penaacolae 

2 Epigynum complex, having a small central plate, roughly kidney- 
shaped, deeply incised m the center, each lateral a mg of the central 
plate bordered by a ohitmous diagonally placed lappet Ero fureaia leontna 

Ero furcaia leontna (Hentz) 

Thendujn kontmm Hentz, Journ Boston Sue Nat Hist , 4 277, pi 9, fag t2 
1847 * 

Ero ihoraaea Emerton Trans Conn Acad Soi , 4 18, pi 3, fig 6 1882 

Morphology — This spccios has a pair of dorsal tubercles on the 
abdomen and resembles E emtonu in this respect and also in colora- 
tion The Amencau species has been considered identical with the 
European Ero furcaia (Villers) Although there are no major dif- 

* Ccunstook, J H , Tke8p%der Book, rev and ed , W J Qertach, p 534 New 
York* Doubleday, Doran A Co , 1940 



192 


Allan F. Archer 


ferences m the epigynum of the female and although the male palpus 
in both the American and the European specimens is nearly identi- 
cal in most details, there are differences m the median apophysis 
Emerton's figure of the palpus brmgs this out plainly A comparison 
of specimens from Switzerland and North American males shows 
that m the former the median apophysis is prominent and single, 
whereas in Amencan specimens it is blunt and bilobed The dif- 
ferences do not seem to warrant specific separation, but mdicate that 
the Amencan form is a separate geographical race Hentz*s name is 
the first one available for it 

Type locality — Male neoholotype and female allotype, Ramsey, 
Bergen Coimty, New Jersey W J Gertsch, collector, June 3, 1934, 
Amencan Museum of Natural History, New York 

Dtainbuiton — Alabama Jackson County, Clear Creek, imma- 
ture specimen, Lee County, Opelika, immature specimen, Madison 
County, Panther Knob, Monte Sano, female 

Ecology — On dead leaves of the leaf carpet, slopes of hardwood 
ravines, on the under surface of a limestone slab m a rock pile at the 
end of a fissure on a raouuiam slope 

Ero lodmgii sp, nov 

Very close m appearance, size, and coloration to E furcaUi leo- 
nim and E cantorm Carapace having a longitudinal dusky line, 



Fio 2 Ero lodtngt Mobile, Mobile County, Alabama 

not furcate, the line surmounted by a single anterior hair followed 
by two pairs of hairs Area around eyes not dusky, but lateral aides 
of the widely cordate carapace bordered with black Cervical pit 
deep Base of the abdomen a mass of black splotches on deep gray, 
and with white fat bodies mterspersed and visible throu|^ the outio- 
ula, border of pigmented mass wavy Apical half of abdomen light 
gray, with numerous white fat bodies visible, four horiiontal lines 
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extending from the anua about halfway up the apical division, each 
line progressively wider Legs having a senes of blackish nngs, 
femur, tibia, and tarsus three-banded, one band on the patella 
Length 3 0 mm , length of first pair of legs 6 9 mm 
Epigynum as shown m Figure 2 

In external appearance this species differs markedly from all 
others m that the abdomen lacks tubercles 

Type locality — Female holotype. Mobile, Mobile CJounty, Ala- 
bama, January 16, 1941 Archer collection, Alabama Museum of 
Natural History 

The specimen was taken inside an overturned flower pot on the 
greenhouse property of H P Loding (urban area of Mobile) 

Ero penaacolae Ivie and Barrows 

Sro pmaaeolae Ivie and Barrowa, Bull Univ Utah, 26 No 6, pi 7, fig 

54 1986 

Morphology — The color of this species is noticeably lighter than 
that of other North Amencan species Gray and white tones pre- 
dominate E penaacohe is the 
smallest species of Ero desenbed 
from North Amenca The largest 
Alabama female measures 2 4 nun 
m length, the other species attain 
at least 3 mm The first pair of 
legs are of considerable length, be- 
ing about 6 7 mm The most dis- „ « „ , ^ ^ , 

tmotive charactenstic, however, u 
the presence of two pairs of tuber- 
cles on the dorsum of the abdomen, the other species either have 
one pair or lack them entirely The epigynum is shown m Figure 3 
Type loeabty. — Gameeville, Alachua County, Flonda. 
DubUmium — Alabama. Lauderdale County, Cypiw Creek, 
female, Baldwm County, Qulf State Park, digbtly immatute male 
Florida* Santa Rosa County, Pensacola, female (W. M Barrows) 
Seakyy, — On the upper surfaees of partiy curled dead leaves, 
hardwood ravines (oak), uid hammock woods 

Alasaka Mesam or Natcbax. HaroBT 
Utnvsasirr, AtASAMA 







INDEPENDENT INHERITANCE OF CERTAIN 
CHARACTERS IN THE DEER MOUSE, 
PEROMYSCUS MANICULATUS 

ELIZABETH BAHTO 

AS PART of a study to obtain additional infommlion on the 
l\, Rpgregation of hereditary (haracterK in the doer mouHts, /'era- 
mysem manicvlatuHy testn for linkage have been completed hf'twoen 
the following pairs of traits albino and dilute, albino and post ju\ enal 
nude, albino and waltzing {pairdii type), hairless and dilute^ hairle^ss 
and ivory, and dilute and ivory Each of tluise chaiacters lias been 
shown by other investigators to be inherited as a single-factor 
autosomal recessive The albino form was reported by Bumnor and 
Collins (1922), hairless by Sumnei (1924), dilute and waltzing by 
Dice (1^3, 1935), nude by Clark (1939), and ivory by Huestis 
(1938) 

The albmo and hairless mice used were descendants of animals 
of these types which were sent to the Umversit}’^ of Michigan by 
Dr F B Sumner in 1925 Ivory mice were kindly supplied by 
Dr R R Huestis Dilute, waltzing, and nude mice were obtained 
from the stocks which have been maintamed at the University of 
Michigan, where thew' characters were first ol^served 

Each of the linkage tests has been made m the repulsion phase 
All of the Fi generation had the wild-type appeal ance which is ex- 
pected if the characters are produced by genes at dif[6rent loci 
Testcrosses (F/s X double recossives) were made for each pair of 
characters studied Data obtained from the F% generation also are 
presented for those experiments in which four classes of phenotypes 
were produced The 83 rmbols used to designate the genes tested are 
the ones proposed by Clark (1938) 

Qu-square teste have been used to determine the significance of 
differences between observed and expected results A departure 
from expectation is considered highly significant if, with one degree 
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of freedom^ the chi-square is more than 6 635 This value marks 
the one per cent level of probability and is equivalent to a standard 
error 2 676 times as large as the deviation 

The formulas used to calculate chi-square are those hsted by 
Mather (1938) Linkage relationships are shown by the joint segre- 
gation of the two pairs of genes being tested The segregation of 
the single factors, however, determines the formula most appropriate 
for obtaimng the chi-square for detection of linkage The chi-square 
for single-factor segregations was determined, therefore, in each test 
by the formula 

- hhY 
^ “ fn ' 

where at and ot are the observed numbers m the dominant and reces- 
sive classes, n is the total number of individuals, and I 1 is the 
expected ratio The same formula was employed for determining 
the chi-square for joint segregation in a testcross In this case at 
and a% represent the observed numbers of parental types and re- 
combinations The chi-square for detection of linkage m data from 
the Fj generation was found from the formula 

v2 * (ni 3at — 3flt + 

^ 9n 

where at and 04 are the numbers observed in the double-dominant and 
doublo-recessive classes, respectively, and 0 % and a«, the observed 
frequencies m the two classes having one dominant and one riHsessivo 
trait For those expenments in which a significant disturbance of 
one of the single-factor segregations was found, the data are also 
presented in contingency tables from which the chi-square for de- 
tection of linkage is determined from the formula 

yt . (ai04 - OiaB)Vi 

(Oi + + Oi) 

This formula is unaffected by anticipated single-factor ratios and, 
therefore, is better adapted for revealing hnkage when one of the 
single-factor ratios differs significantly from the expectation 

I am indebted to Dr LeeR Dice for advice and cntioiam through- 
out the progress of the study and to Dr C W. Cotterman for sug- 
gestions concerning the statistical treatment of the data. 
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ALBINO AND DILUTE 

Matuigs between albmo (ec DD) and dilute (CC dd) mice had 
been made by Dr F H Clark, and dilute mdividuala extracted from 
this cross in the F« generation were kindly turned over to me Some 
of these mice proved to be heterozygous for albmism, and their use 
in producing the double reoessives, which are phenotypically iden- 
tical with ce D albinos, expedited this linkage test 

Albino mice are always clearly distinguishable from colored ones 
The range of expression of the dilute character, however, extends 
from pale dilute, in which the hair tips are pale and the pigment in 
the basal half of the hairs is so much reduced as to appear white to 
the naked eye, to a condition mdistinguishable from the wild-type 
even by microscopic exaimnation Thus of 548 offspring from matings 
a! dd X dd mice 12 (2 19 per cent) faded to show the character 
Unless the genes c and d are hnked, therefore, a few more nondilute 
than ddute phenotypes would be expected in the testcross generation 
owmg to inability to identify correctly all individuals homozygous 
for the dilute character 

As descnbed by Dice (1933), the pnncipal effect of the ddute 
character ‘^is greatly to reduce the amount of black on the tips of 
the hairs " Clark (1938) reported ddute mice to be charactenzed 
by a reduction of black pigment both *'in the tips of the hairs and 
proxunal to the agouti bands He also found lumps of pigment in 
the proximal portion of the hairs Because some of the mice used 
m the testcross earned yellow genes, which also reduce the black 
pigment in the tips of the hairs, colored mice were classified as dilute 
or nondilute on the basis of the appearance of the proximal bands of 
their hairs The same entenon was used for classification of the 
offspnng from the crosses of dd X dd mice mentioned m the pre- 
ceding paragraph Microscopic examination for irregulanties m 
pigment distnbution in the bases of hairs plucked front the mid- 
dorsum was made for mdividuals which could not be readily identi- 
fied by macroBOopio inspection That the hairs might be long enough 
to show the character m dd genotypes, classification was made when 
the mice were twenty-four days of age or <dder 

Offspring from the testcross were divided among three phenotypes 
as follows 66 colored nondilute, 61 dilute, and 110 idbino mice 
(Table I) If the assumptions are made that animals in the three 
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TABLE I 
Albino and Dilute 
TMtcroBs (e D/G dXe d/e (I) 


ClasM 

O&aerMd 

Espected 

Colored nondilute 

68 

60 85 

Colored dilute 

61 

57 95 

Albino 

no 

118 60 

Total 

237 

237 


Analtbis of Chi-squabb 

Source of varuUum Cht^equcare 

Colored all»no ratio 1 1 219 

lankage (colored non- 
dilute colored dilute 

ratio) 1 0 089 

classes are equally viable, that no misclassification occurs, and that 
the genes are not linked, a 1 I 2 ratio would be expected In other 
cxpenments, however, 2 19 per cent of the dd genotypes were assigned 
to the nondiilute class If it is assumed that the same amount of 
misclassification occurs in this expenment, the expected ratio is 70 
nondiJute 67 dilute 137 albino mice All ratio between colored 
and albmo mice is expected, and the observed results closely approx- 
imate this distnbution Recombinations can be disUngui^ed from 
parental types only in the two colored classes Consequently, these 
two clasBC's alone furnish information concemmg the hnkage rela- 
tions between the genes c and d If these genes are on different 
chromosomes, half of the 127 colored mice observed are expected 
to be dd genotypes, and half Dd With the correction for misclassi- 
fication of 2 19 per cent of the dd colored mice the expected frequency 
of the two phenotypes is 64 89 nondilute and 62 11 dilute The 
chi-square for the nondilute . dilute ratio is then 0 039 for one degree 
of freedom The deviation is not significant and, moreover, no 
excess occurs in the parental-type class If the fiducial limit is set 
at 99 per cent the data would not fit a hypothesis of linkage with 
less than 39 per cent crossing over The assumption can be made, 
therefore, that the genes c and d either are on different chromosomes 
or are only loosely hnked 
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ALBINO AND PObUdvBNAL NUOB 

Pofitjuvenal nude (nn) mice can be distinguished from wild-type 
animals for a vanablo length of time Clark (1939) reported that 
loss of hair in nude individuals began between the ages of two and 
three weeks and bc^came complete when the mice were between 
twenty-five and thirty-five days old He noted replacement of hair 
begmmng when the mice wore about fifty days old Some adults 
with this character had a bare nose and tail, others were completely 
normal in appearance In the present experiments, although some 
nude mice followed closely the schedule observed by Clark, others 
showed their abnormahty for a shorter period For example, two 
females were indistinguishable from normal mice at the ago of 
thirty days, although seven days earlier they had been observed to 
be nude 

To obtain a better indication of the variability of the expression 
of this character, litters of seven matings between nude mice which 
had been observed to have conspicuous bare patches were examined 
at mtcrvals of three days or less from the day of their birth until 
they were forty-four days old, and at mtervals of four days or less 
between ilic ages of forty-five and fifty-one days ExamiiiaUon of 
some of the litters was continued for a longer penod Since in each 
case both parents were nude, only nn genotypes were expected 
among the offspnng Of a total of twenty-three offspnng from these 
matings three appeared normal at each examination The deficiency 
of hair ranged in the others from slight thinmng on the top of the 
head and on the postenor dorsum to total absence of hair except for 
the vibnssae The earliest age at which the character could bo rccog- 
msed ranged from fourteen to twenty-seven days 

A bare spot was usually first noticeable in an area on the head 
between the ears and the eyes As a rule the posterior dorsum next 
became bare Hair was lost along the nud-dorsal line* before the 
sides became nude The order of progression vaned, however In 
some mice the postenor dorsum became bare before any baldness 
was apparent on the bead, in others loss of hair proceeded contin- 
uoudy caudad along the dorsum from the eyes to the tail Except for 
its proximal quarter mch the tail sometimes did not become bare 
until after the new pelage had been acquired on the rest of the body 
In many apecunens the region m front of the eyes, the sides of the 
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face, and the chin never becaoae bare, even m nuce which showed 
the character to a high degree 

The earliest age at which hair of the next pelage appeared was 
thirty days and the latest was forty-seven days The interval be- 
tween the time that loss of hair was apparent and the date on which 
incoming hairs were first seen ranged from eleven to twenty days 
The bare areas, colorless when they first appeared, were suffused 
with black pigment from one to eleven days before the tips of the 
hairs of the next pelage became visible Hair usually appeared first 
on the rump or saddle Sometimes the head was the first area on which 
hair was replaced, but more often it remained bald until the rest of 
the pelage was practically complete In all cases m which the base 
of the tail became bare it was the last part to regain its normal 
appearance Of the twenty mice in this group which expressed the 
postjuvenal nude character one appeared normal at thirty-eight days 
of age Four mice were charactensed by a bare tail base at fifty-one 
days of age, when they were last examined Three in which the 
pelage had been completely regained at the ages of thirty-seven, 
thirty-eight, and forty-six days again acquired bare areas, so that 
at the age of fifty days they could once more be recognised as nude 
animals 

In the Fs and testcross generations from the cross of nude (CC nn) 
X albino {cc NN) mice nil offspring classified as normal were ex- 
amined at least once between the ages of twenty and thirty-seven 
days, with the following exceptions three of the Fi generation were 
classified at the age of forty days and two testcross offspring at 
forty-two days of age Inasmuch as some nn genotypes do not 
differ in appearance from animals of the genotype N, a deficiency m 
the nude classes would be expected 

The Fi generation was made up of 184 wild-type mice, 67 albinos, 
33 colored nudes, and 16 albino nudes The testcross offspnng con- 
sisted of 108 wild-type, 102 albino, 51 nude, and 61 albino nude nuce 
(Table II) This ^stnbution differs noticeably from the 9 3 3 1 
and 1*111 ratios expected if the characters are not linked and 
if all types are equally viable and can be reliably classified An 
analysis of cb-square i^ows that the discrepancy between observed 
and expected numbers is due pnndpaUy to the deficiency in the nude 
classes The chi-square for the nonnude * nude ratio with one degree 
of freedom is 12 018 for the Fi generation and 37 385 for the testcross 
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TABUB II 


Albino and Postjuwnal Nudb 


Oaa 

F, 

iCn/cN xCn/eS) 

TeetcroBs 

(C n/c 60 X (c n/c n) 

Obeerved 

Expected 

Obeerved 

Expected 

Wild-type 

184 

16876 

108 

78 

Albino 

67 

66 26 

102 

78 

Nude 

33 

66 25 

61 

78 

Albino nude 

16 

1876 

61 

78 

Total 

300 

300 

312 

312 


Analysis or Cri-squarb 


Source of variation 

Degrees of 
freedom 

Chi-equare 

F, 

Testcrose 

Colored albino ratio 

1 

lias 

0116 

Nonnude nude ratio 

1 

12018 

87 385 

Linkage 

1 

0290 

0115 

Total 

3 

18 440 

37 616 


These deviations are probably due largely to inability to identify all 
the nn genotypes No significant departure from expectation is 
shown for the segregation of colored and albino types or for the joint 
segregation of the four traits The chi-square for joint segregation, 
calculated from the data as set up in contingency tables (Tables 
III-IV), IS 0 719 for one degree of freedom for the Fi generation 
and 0 066 for one degree of freedom for the testcross Neither value 
shows a significant departure from the results expected if the genes 
segregate mdependentiy Furthermore, the deviations arc in the 
direction opposite to that which would be produced by Imkage 

ALBINO AND WAL/TaiNG 

The wattimg character (v-i v-1) tested for hnkage with albinism 
arose m a stock of JP m batrdn from Alexander, Iowa, and has been 
diown by Dice (1936) and Watson (1939) to be produced by a pair 
of genes at a different locus from that which controls waltsmg be- 
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TABLE III 

AliBINO AND NdDS 
F,(c y/Cn) X {cN/Cn) 


Cbi-flqiiare for joint aegregation ■> 0 710 for one degree 
of freedom 



Colored 

Albino 

Total 

Nonnude 

1S4 

67 

251 

Nude 

33 

16 

40 

Total 

217 

8d 

800 


TABLE IV 

AtJltNO AND NuDK 
TestcrcwB (c N/C n) X (c n/e n) 


Chi-equare for joint segregution « 0 056 for one degree 
of freedom 



ColorcKl 

Albino 

Total 

Nonnude 

108 

102 

210 

Nude 

61 

61 

102 

Total 

159 

153 

312 


havior exhibited in a stock of P m artemuiae from Lyon's Ferry, 
Washington Dice reported vanation m the degree of reaction of 
different mice and differences m the behavior of the same mouse on 
different days Both ho and Watson found that matings between 
waltzers produced a small proportion of offspring which did not 
express the character, and that deficiencies in the waitsing class 
were greater after ouicrosses than when matings were made only 
between ammals of the Alexander stock 

The study of the linkage relationship between albinism and the 
hatrdtt type of waltzing was imtiated by Dr Margaret Liebc Watson 
She crossed waltzers with albino liairless mice and obtained a number 
of animals m the Fi and Fs generations Additional matings after 
she left the University of Michigan increased the size of these generar 
tions Hairless waltzers have not yet been obtomed m sufficient 
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TABLE V 

Albxno and Wax^inq {baisdii Ttfh) 


Class 

Fi 

(Cv^l/eV-l) X 
{Cthl/cV-i) 

Testcross 
(Cv-l/eV-n X 
{e ihl/eihi) 

Observed 

Expected 

Observed 

Expected 

Colored nonwaltzera 

89 

77 025 

56 


Albino nonwaltzera 

28 

25 875 

58 

51 75 

Colored waltzers 

16 

26 876 

44 

61 75 

Albino waltzers 

6 

8 625 

49 


Total 

138 

138 

207 

207 


Analtbib of Chi-bquabs 


Source of vonation 

Degrees of 
freedom 

Chi-square 

F. 

TestcroBS 

Colored albino ratio 

1 

0 010 

0 237 

Nonwaltzer waltzer ratio 

1 

7 043 

2130 

Linkage 

1 

0158 

0048 

Total 

3 

7 211 

2 410 


numbers to test adequately the linkago relationships between these 
two characters, and therefore only the data wluch concern the 
inhentance of waltxmg and albinism are presented here At the 
age of one month mice wore tested for waltzmg with the key-jingUng 
apparatus described by Watson (1939) All mice classified as non- 
Wltsers were tested again at the ages of two and three months 
Of a total of 138 Fs individuals 89 were colored nonwalteers, 28 
were albinos, 15 were colored waltzers, and 6 were albiho waltzers 
(Table V) Fewer than one fourth of the mice are included in the 
two classes of waltzers The chi^quare for the segregation of noii- 
waltzing and waltzing types is 7 043, which indicates a significant 
deviation from the 3 1 ratio expected if waltzers and nonwaltzcrs 
are equally viable and if thl v-1 genotypes always express the waltzing 
character Bmce, however, it is known that some v*l v-1 mice show 
only normal behavior with the tostmg apparatus used m this expen- 
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TABLE VI 

Albino and WxiA'nNa (ba/jw// Ttpb) 

F, (e V-l/C iHl) X (e V-S/C thl) 

Cht-Bquare for joint Mgregation » 0 206 for one degree 
of freedom 



Colored 

Albmo 

Total 

Nonwaltsen 

89 

28 

117 

Waltaen 

15 

6 

21 

Total 

104 

34 

188 


mont, the shortage of waJiaers is not surprising Because of the 
significant deficiency of waltsers the chi-square for linkage was de- 
termined from a contingency table (Table VI) That the difference 
between observed and expected numbers is not due to Imkage is 
indicated by the low value (0 206 for one degree of freedom) of this 
chi-square 

As one means of obtaining albmo waltaers gray waltaers of the 
Ft generation were mated together or to Fi individuals If waltsing 
and albinism are inhented independently two thirds of the Ft colored 
waltsers would be expected to be heterosygous for albinism If the 
two characters are closely linked the proportion carrying the gene 
for albinism would be expected to be smaller Of five gray waltsers 
tested four had some albmo offspnng The evidence from these mat- 
ings, therefore, also indicates that the two characters are inhented 
mdependently 

From the testcross were produced 56 gray nonwaltiers, 58 albino 
nonwaltaers, 44 gray waltsers, and 49 albino waltiers (Table V) The 
analysis of chi-square shows no sigmficant departure from expected 
numbers in this generation For the ratio between parental types and 
recombinations the chi-square for one degree of freedom is only 
0 0435, a value which indicates very close correspondence between 
the observed results and the 1 1 ratio expected if the genes e and 
v-i are not Imked 

King and Castle (1937) found that in the rat (fioffus norvegteus) 
the genes for waitsing are linked to those for albinism with a cross- 
over value of 45JS 0 7 per cent No indicaUon of linkage be- 
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tween albinism and the hairdtt type waltamg was found in the 
deer mouse In both the Fi and the testcrose generations the devi- 
ations from expectation were in the direction opposite to that which 
would be produced by linkage Nevertheless not enough animalB 
were reared m these tests to disprove a hypothesis of linkage with as 
much as forty-five per cent crossing over If only deviations 2 576 
times the standard error are considered highly significant, the data 
from the testcross would show highly significant departures from 
expectation only for crossover values of less than 41 77 or more than 
59 68 per cent {p ± 2 576 Sp, where p is the observed proportion of 
the recombination types and 8p is the standard error of this propor- 
tion) If the genes for these two characters are not linked in the deer 
mouse it 18 probable that either the genes for albinism or those for 
the types of waltzing tested, or both, are not homologous in the two 
species Clark (1036) has shown that in the deer mouse the gene for 
albinism is linked to the gene for pink-eye, which produces a phe- 
notypic effect siinilar to the character of the same name in the rat 
and the house mouse, and that the crossover value is approximately 
the same in the deer mouse as m the other two species Hence there 
IS evidence that the genes for albinism m the deer mouse and tn the 
rat are homologous In view of the facts that at least two types of 
waltzing are known in the deer mouse and that these arc known to 
be produced by different hereditary factors, it would not be sur- 
prising if the gene for the hatrdtt type of waltzing is not homologous 
with the one for the waltzing character studied in the rat 

UAIRLSBB AND DILUTE 

The age of hairless {hr hr) mice when their character first becomes 
noticeable vanes considerably Sumner (1024) observed that loss 
of hair began at the age of two to three weecks Of the hairless mice 
obtamed m the Fi and testcross generations following a hairless 
(hr hr DD) X dilute {Hr Hr dd) cross one had lost all itrf hair except 
the vibnasae by the age of mneteen days, others which appeared 
normal at twenty-seven days of age later lost their hair Mice from 
these crosses wore never assigned to the nonhairless classes until 
they were at least twwty days old In most cases they were ex- 
amined for hairlessness when they were thirty or more days old 
Unless the pelage appeared hght ddnte by macroscopic examination 
hair samples were inspected with the microscope for the presence of 
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TABIJ5 VII 


Hairlebs ani> Dilute 


Clans 

F, 

(Hr d/hrV) X (Ilrd/krD) 

Teetcross 

{Hr d/hr D) X (hr d/hr d) 

Observed 

Expected 

Observed 

Ex{)octed 

Wild-typo 

225 

207 5625 

50 

47 

Dilute 

50 

60 1S75 

30 

47 

Hairless 

75 

60 1875 

58 

47 

Diiute-hairless 

10 

23 0625 

32 

47 

Total 

300 

300 

188 

188 


Anaiybib of Chi-bquarb 


Source of vonation 


Cbi-squure 

F, 

Testcross 

Nondilute dilute ratio 




Nonhairless hairless ratio 




Linkage 



■m 

Total 

3 

10 852 

11786 


diagnostic lumps of pigmc'nt For hairless mice this examination 
yraa made when the loss of hair was first noted Other individuals 
were examincni for dilution when they were classified as nonhairless 
Since in animalH which develop the character only to a slight degree 
the irregularities in pigment distiibution are confined to the most 
proximal parts of the lioirs, it is possible that m some hr hr dd mice 
the early loss of hair may have preventesd the expression of the dilute 
character 

The Fs and tostcross generations included, besides the four ex- 
pected classes, some albino and albino hairless offspring These 
were produced from matings in which the ancestry of each parent 
included some albmos from which an albino gene could have been 
inherited It is therefore assumed that each of these parents was 
heterosygous for c as well as for hr and d genes Since albinos could 
not be classified by inspection as dilute or nondilute, they arc not 
included m the numerical list of the types observed Inasmuch as 
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TABLE VIII 
Hairless ako Dilute 
Fi (Hr d/hr D) X (Hr d/hr D) 


Chi-square for joint segregation » 3 493 for one 
degree of freedom 



Nonhairless 

Hairless 

Total 

Nondilute 

225 

76 

300 

Dilute 

59 

10 

09 

Total 

284 

85 

369 


TABLE IX 

Hairless and Dilute 
Testcroas (Hr d/kr D) X (hr d/hr d) 


Chi-squnre for jomt segregation «> 0 359 for one 
degree of freedom 



Nouhoirletis 

Hairless 

Total 

Nondilute 

59 

58 

117 

Dilute 

39 

32 

71 

Total 

98 

90 

188 


independent inhentance has been demonstrated between albmism 
and hairlessness (Sumner, 1924, 1932, Feldman, 1937, Clark, 1938) 
and between albmism and dilute, disregard of the albinos should not 
change the proportions in the four expected classes 

Colored individuals in the Ft generation were distributed as 
follows 225 wild-type, 59 dilute, 75 hairless, and 10 dilute-hairlcss 
The testoroBB included 59 wild-type, 39 dilute, 58 hairlesS, and 32 
dilute-hairless mice (Table VII) Significant deviations from 3 1 
and 1 1 ratios for nondilute and dilute mice are mdicated m the Ft 
and testeroBS generations by chi-squares of 7 813 and 11 265, re- 
spectively, for one degree of freedom This deficiency may be due 
to Ihe failure of some dd mice to be distinguished from nondilute 
animals Because of the disturbance of the segregation between 
dilute and nondilute types chi-squares to detect linki^ce have been 
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calculated from contingency tables for the Fs (Table VIII) and test- 
cross (Table IX) data For the Ft the chi-square is 3 493 for one 
degree of freedom, and for the testcross it is 0 369 Departures from 
the expected joint segregation are not sigmficant The data can be 
explained, therefore, by assuming the characters dilute and hairless 
to be inherited independently 

HAIRLB88 AND IVORY 

The Ft generation from a hairless (Ar hr II) X ivory (Hr Hr tt) 
cross included 262 normal, 67 hairless, 70 ivory, 20 hairless-ivory. 


TABLE X 

HAtaUBBB AND IvORY 


ClflSB 

F, 

{Hr %/hr I) X {Hr %/hr I) 

Testcross 

{Hr %/hr I) X {hrt/hrt) 



Observed 

Expected 

Wild-type 

262 

236 126 

97 

8126 

HurleM 

67 

78376 

72 

8126 

Ivory 

79 

78876 

84 

81 26 

Hairless ivory 

20 

26126 

72 

8126 

Total 

418 

418 

325 

325 


ANAlfTSM or Cm-SQUARlt 


Source of variation 

Degrees of 
freedom 

Chi-square 

F, 

Testcross 

NonhairlesB hairless ratio 

1 

8 907 

4 212 

Nonivory ivory ratio 

1 

0886 

0620 

Linkage 

1 

0010 

0620 

Total 

8 

4 808 

6 262 


and 1 albmo (Table X) Both parents of the albino mouse had 
albinos among their ancestors, and its occurrence can therefore be 
explamed by assuming the parents to be heterozygous for this 
character From the testcross were produced 07 normal, 72 hairless, 
84 ivory, and 72 hairless-ivory mice Mice were dassified when they 
were twenty-four days of age or older 
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The results obtained in the Fi and testcross do not differ sig- 
nificantly from the 9 3 3 1 ratio expected if the obaracters are 
not linked Highly sigmficant departures from expected proportions 
are not observed m either of the single-factor ratios or in the jomt 
segregation of both pairs of genes The results therefore indicate 
that the characters either are not linked or, at least, are not closely 
linked* 

DiLirrn and ivory 

The first matings designed to determine the linkage relations 
between ivoiy and dilute were made at the Cranbrook Institute of 
Science, which provided laboratoiy care of the animals and facilities 
for initiating t^s exponment Before the test had been completed 
the stocks were transferred to the University of Michigan, where the 
work was contmued 

Ivory (D n) and dilute-ivory {dd ti) mice do not differ m appear- 
ance, and the expected proportions in the testcross if the genes are 
not linked are therefore 1 wild-type * 1 dilute 2 ivory 

Because some of the dilute and ivory mice which were crossed 
were heterosygous for other mutant genes, many yellow and dilute- 
yellow, 4 albmo, 3 pink-eye, and 4 cinnamon animals were produced 
m the testcross generation Yellow mice were readily separable into 
dilute and nondiiute classes, and their presence caused no difficulty in 
classification The pale shade of the bases of the hairs of cinnamon 
and pink-eye mice makes the distmction between dilute and non- 
diiute types difficult It has been possible, however, by microscopic 
examination, to identify the dilute vanation in some pink-eye and 
cinnamon mice, and data from matings which furnished these types 
are included m the tabulations The colored offspnng from mati^ 
which produced some albinos are also included m the frequency 
distnbution 

One Of the testcross matings has yielded twenty-eig^t offspring, 
all of which have normal-colored pelage Eig^t of these mice reaem- 
bled poBtluvenal nude animals m having large temporary bare areas 
after the juvenile pelage had been lost A similar absence of hair 
was noted m the Fi generation m three mice from a mating which 
also produced forty-two offspnng with the normal amount of hair 
The parents of the temporarily bald mice were all descendants of 
the same dilute X ivory malang None of them were related to any 
postjuvenal nude mice of the oegoodt type desonbed by Cleric (1939) 
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The deficiency of hair in these animals is being studied to determmo 
whether the character is inhented, and it is hoped that information 
may be obtained which will explam the failure of either dilute or 
ivory mice to appear among the twenty-eight offspring from this one 
testcroBs matmg Only one fourth of the xmce m the testcross 
generation are expected to have pelage of wild-type color The 
probabihty that all the mice from this mating, by chance distnbu- 
tion of genes, would be of this type is therefore only (i)^ Since 
the wild-type color would be produced by a recombination of genes, 
any linkage between the d and the t genes would tend to reduce, 

TABLE XI 
Dilute and Ivory 
TeBtcroH (D t/d 1) X (<i i/d t) 


Clau 

Obaerved 

Expected 

Nondilute, nonivozy 

01 

87 

Dilute 

80 

87 

Ivory 

168 

174 

Total 

348 

iis 

Analybib or 

Cai-BOUARB 


Source of vartation 

Degrees of 
freedom 

Chuequare 

Nonivory ivory ratio 
Linkage (nondilute, non- 

1 

0 414 

ivory ^lute ratio) 

1 

0011 


rather than to mcrease, the proportion of mice m this group The 
distribution of offspring from tbs mating is therefore even less in 
accord with a hypothesis of linkage than with an assumption of 
random segregation of the genes d and % The results of this one 
matmg are decidedly different from those of other testcross matings 
and, if added to them, would tend to conceal any mdication oi 
linkage if it does exist They are therefore not included m the 
tabulation of the testcross data. 

From the testcross matings which produced some albmos 7 non- 
dilute, 6 dilute, and 11 ivory mice were also obtained The litters 
of the testcross generation which included pmkrcye and cinnamon 
animals consurted of 13 aondilute, 12 dilute, and 22 ivory specimens 
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The other matings of the testcross produced 71 nondiluto, 71 dilute, 
and 136 ivory individuals The combined data (Table XI) from 
these three groups of matings show that 91 nondilute, 89 dilute, 
and 168 ivory mice resulted The observed results are veiy close to a 
112 ratio Recombinations can bo observed only m the non- 
ivory mice The chi-square for the ratio between the nondilute, 
nonivory mice and the dilute mice is 0 414 for one degree of freedom 
and mdicates a very close agreement with the 1 1 ratio expected 
without linkage 


niBcusaioN 

Cross (1938) counted forty-eight chromosomes m each of these 
species P m gamhehtf osgoodt, bairdit, artemtetaef eononenata, and 
blandua The number in P m /ioUisIm he found to be fifty-two The 
mice used in the present study were hybrids between different sub- 
species, including P m gambeltty oagoodiy batrdtt, and blandua P m 
holhaien was not represented in any of the stocks employed It 
seems probable, therefore, that the mice on which linkage tests were 
made had twenty-four pairs of chromosomes, although no counts 
were taken for any of these individuals The purpose of the hnkage 
studies has been to discover linkage groups and to determine markers 
for the different chromosomes 

The only linkage group known in Peromyacua includes the char- 
acters albino and pink-cye and has been designated Number I by 
Castle (1940) Those characters were shown by Sumner (1922, 
1932) to be hnked Clark (1936) demonstrated that the degree of 
linkage between them is approximately the same as that observed 
between albimsm and pink-eye m the house mouse and Norway rat, 
which arc included m hnkage Group I of these two species His final 
determination (1938) of the amount of crossmg over between the 
two genes m the deer mouse gave a value of 19 94 d: 1 44 per cent m 
females and 13 16 ::b 2 70 per cent m males 

Two other chromosomes in Peromyacua have been previously 
marked by yellow and hairless Sumner (1922), Feldman (1937), 
and Clark (1938) showed that albmo and yellow are independently 
inherited Random segregation of albino and hairiess was demon- 
strated by Sumner (1924, 1932), Feldman (1937), and Clark (1938), 
and yellow and hairless showed no linkage in the expenments of 
Feldman (1937) and Clark (1938) 
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The present study completes the evidence necessaiy to establish 
dilute as a marker for a fourth chromosome Clark (1038) found 
that dilute is not hnked with yellow, and mdependent inhentance 
has been shown here between dilute and albino and between dilute 
and hairless 

Four of the chromosomes, therefore, can now be designated by 
genes located upon them, as follows the albino chromosome, the 
yellow chromosome, the hairless chromosome, and the dilute chromo- 
some 

Independent mhentance of a number of other pairs of characters 
has been shown by other investigators (Feldman, 1837, Clark, 
1938, Huestis, 1940) and by the present report, but no trait has yet 
been tested for linkage with markers for all four of the chromosomes 
listed above. Studies now in progress are designed to discover addi- 
tional linkage groups or markers for the renuumng twenty pairs of 
chromoBomee 

UNivaasirr or Michigan 
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MATING OF THE GARTER SNAKE 
THAMNOPHIS 8IRTALIS SIRTALIS 
(LINNAEUS) ♦ 

FRANK N BLANCHARD t AND FRIEDA COBB BLANCHARD 

A GENETICAL study begun m 1922 has branched out into a 
general life-hiatory record of the garter snake Thamnophi^ 
striahs strlahs In the earlier years of the work the genetical aspect 
predominated and other observations wore incidental i the desired 
matings were obtained, but the process of mating was disregarded 
At that time only a few snakes were m use, and the male and female 
wintered together, so that only by chance was copulation seen m 
the sprmg But since 1932 the males have been segregated through- 
out the year, and only for the hour (more or less) required for court- 
ship and copulation has a male been in the pit of a female At the 
carhest opportunity in spring the chosen male is, under this arrange- 
ment, dropped into the pit housing the female, perhaps with other 
females In order to know that the scheduled mating, and no other, 
occurs, it IS of course necessary to watch the snakes carefully until 
the male is removed from the pit The routine, therefore, has not 
only given an excellent chance to observe mating behavior, but has 
necessitated observation of it 

One not familiar with this behavior of the garter snakes may 
easily misinterpret it, erroneously assuming copulation when the 
snakes are merAy in the position m which it might take place It 
seems obvious m a paper by D Dwight Davis ^ that this mistake has 

* Contribution from the Department of ZoSlogy, and Paper No 779 from 
the Botanical Qordena and Department of Botany, of the University of Michigan 
t Most of the data on which this paper Is based were gathe^ dunng the 
period whan the authors worked together, from 1922 to 1987 (the year of Dr 
Blanchard's death), but a few addltk^ records were made in the two subsequent 
spnngB For the manner of handling the data and the wording of the paper 1 
am responsible F^ C B 

* ''Courtship and Mating Behavior m Snakes/' Zool S«r. Fuld Mui Not 
Hist., 30 (22) 257-290 1986 
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been made throughout the descnption of courtship and mating in 
Thamnophta radix, and that at no time dunng the observations did 
mating occur The fact that such a mistake can so easily be made 
and accepted prompted this report of mating as it has repeatedly 
been seen m the pta, where the snakes, though captive, are tmder 
the fairly natural conditions set forth m an earher paper * No sin- 
gle instance is related in detail, but recorded data are summansed 
and a descnption given of typical behavior based on about fourscore 
instances XTsually two observers working together have watched 
several pits at once, and in this way nearly a hundred copulations 
and many abortive courtships have been witnessed 

THE TIME or MATINQ 

In very early spnng, when the sunshine first brmgs out the 
snakes, their mating activity seems to depend on the weather alone 
A warm sunny day starts courtship, and, if conditions are good 
enough, copulation follows Though a record of temperature was 
not always kept we soon could recogmse the ngbt weather and learned 
not to waste time trying to work with the snakes unless the son was 
shining and the air temperature above 60** F 

In the pit« the usual mating season is from early April to early 
May, the later half of April being the time when our work has been 
most profitable But matings have been secured m a warm spell in 
March, and as late as May 11 In the sixty-three matings of the 
years 1032-^7 inclusive, the dates ranged from Apnl 4 to May 4, 
except for four matings vdiich were unusually early, on March 16 and 
22, and Uiree which were very late, on May 11 These extremes agree 
with those in nature, if we may judge from the meager field evidence 
at hand, but there are probably more of the early matings in nature 
than in the pts, for to conserve our time we let pass unused some 
questionably suitable days of which the wild snakes may have 
availed thanselves 

But later in the spring the weather of the day is not the only 
factor to be considered After a number of smtable days have 
passed the snakes, thou|^ still not mated, seem to lose the necessary 
impulse and become indifferent to each other For this reason 

* Factoni Determining Tune of Birth in the Oarter Snake Thamnaphu 
etrlohanrialw (Linnaeus), Pap JIfteh Acod, 8a , Ark, osd Lettm, 26 (1040) 161- 
176 1041 
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many attempts to bnng about copulation in May have failed, though 
the weather was perfect The female is first to lack response, the 
male sometimes working for an hour or more before she is finally 
induced to copulate, and sometimes faihng altogether Early in 
May he, too, becomes languid in courtship until, at length, chancing 
to ^d a female, he shows no interest in her Thus, in early spring 
(March and Apn!) the weather of the day seems to be the determin- 
ing factor m courtship and mating, whereas m late spring (very 
late April and May), when the weather is more uniformly suitable, 
it IS the date (that is, the length of time smce warm weatlu^r started) 
that apparently controls the activity After the beginning of May 
one IS lucky to secure mating 

In late summer there seems to be a reversal of this condition 
Apparently there is no courtship in early summer, even on cool 
sprmglike days, but in August, when the broods are appeanng, the 
males again pay some slight attention to the females, though their 
courtship IB such as hardly to deserve the name In Indian summer 
a bright warm day after early cool weather induces real courtship, 
whi(*h may even lead to copulation Thus, after a certain date, suit- 
able weather is all-important again 

The actual dates of copulations recorded in this paper have no 
significance other than that they were within the mating season, 
were suitably warm and sunny days, and were for us free of more 
urgent work. 


COURTSHIP AND COPULATION 

Transference of the male from his own pit to that of the female 
seems not to fnghten him, and his abrupt arrival from above usually 
disturbs the female but little, if at all The male at once begins a 
slow exploration of the unfamdiar pit, with much action of his tongue 
Perhaps he lecogmaes the presence of a female and actually seeks 
her, but this seems doubtful, for, once he has accidenti&ly stumbled 
upon her, his search when she eludes him is a very much more active 
hunt Vnien touched by the male the female may continue to he 
quietly as before or may ghde away a few feet, quickly, sometimes 
with vibrations of the tip of her tail 

As soon as the male happens to touch the female, if weather, 
temperature, and tune of season are appropriate, there is no doubt 
of fais interest Exploration of the pit is abiuidoned If die has not 
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darted away he noses (or, rather, ^'chms”) his way rapidly along 
her back, usually but not always starting first toward the region of 
her vent, then turning and retracing his course forward again along 
her back until their tails he close together, his body lying upon hers 
(or m part beside hers) with enough slack to keep the same general 
position Usually the male is so much smaller that his head is far 
behind the female’s Often he chins too far forward and must gam 
the needed position by backing Even if she is somewhat coiled his 
body seldom takes short cuts, but lies draped along hers, waved from 
side to Bide enough to maintain the superior posture No part of his 
body encircles hers, though a part of it sometimes curves down to 
beneath hers and up again on the same side, and hiB vent region 
repeatedly loops well down near her vent His tail is often twisted 
under hers, wedging it up from the ground for a few seconds, and, m 
a strenuous courtship, often a part of his body, beneath hers, throws 
it up from the ground repeatedly 

Though there may be several females in a group, and though the 
male may temporanly lose touch with the one he has started to court, 
he usually finds the ongmal female again and persists with that one 
exclusively, ignoring the others In a group of females he may 
become temporarily confused, his tail working actively about the 
tail of one female, his body npphng over the body of another in the 
group, but shortly he becomes onented If the female moves away 
he follows her, leaving the others, even ghdmg over them, without 
hesitation This is so usual as to justify the statement that snakes 
have individuality to one another — unless perhaps the male reoog- 
mses his own scent on the female after having touched her, which 
seems less likely 

Tlie male proceeds regardless of the similar activity of other 
males with the same female, apparently either oblivious to or pos- 
sibly urged on by it, certainly not discouraged When two or more 
males simultaneously court a female each is apparently as energetic 
or as languid as he would be were the others not present Here is 
certainly no evidence of deference by any male to pnonty or supen- 
onty of another True, one male often seems to dday while another 
courts actively, but he will show no more seal if isolated with an 
unattended female This is his mdividual reaction Because of the 
great difference in the vigor of different males, especially when the 
season for mating is not at its hei^t or the weather oondiUons not 
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near the optimum, one must be cautious in suggestiug that a male 
recogmaes the dominance of his rival and so postpones courtship 
We have not seen any evidence of such forbearance 

Possibly courtship by a male is intensified by the presence or 
similar activity of another maJCt though this, too, seems doubtful 
Certainly the presence of another male is not nocessaiy for courtship 
at its highest intensity Several active males, each struggling for 
the position necessary for copulation, push one another from the 
female, but this seems to be done incidentally, not purposefully 
Apparently each male merely stnves to attain and mamtam the 
position, not to dislodge a rival 

Dunng the courtship the male is so intent as to be careless of 
disturbance, the female, however, retains her usual vigilance and 
is perhaps more than ordinanly alert 

As soon as the male attains the matmg position on the female, 
which 18 usually accomplished in a few seconds, his tail and postenor 
body feel continuously about liers m an exploratory manner, and 
convulsive waves within his body roll forward rhythmically It is 
hard to describe this motion, even wlule watching it, one can only 
say that a senes of npples or undulations withm the body run forward 
from the tail, followed, after a pausc> of a few seconds, by another 
senes of npples It would scorn that these miglit be a stimulation 
either to the female or to the male himself The contractions do not 
alter his position on the female From time to time, if copulation 
does not occur quickly, he begins all over again, turning and nosing 
down her body to the toil region, his chin m contact with her back, 
rapidly reversmg and coming forward again to take up the old 
position, the mampulations with the tail, and the internal waves 
This repeats the maneuver following his first finding her, and would 
seem to be for reassurance It may be repeated many times m a 
alow courtship He may even wander off a little way and come back 
again to her, though this is unusual if the conditions am favorable 

Several tunes attachment withm two or three mmutes has been 
seen, and once withm a minute, but at least five or ten minutes of 
courtship has been more usual, md often, even witli great energy 
on the male’s part and perfect weather, the attachment has been 
accomplished only after half an hour or even an hour If the season 
and the weather are at their best, however, the preliminanes will 
be more bnef . 
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Sometimes the male shows enough interest to take up the position 
along the female, but does little more, merely l3nng so in the sun- 
dune Courtship unconeummated is common when either the 
temperature or the time of year is unsuitable In early spring, when 
the weather, though sunny, is still too cold, the male takes the 
position of oourtdup, with more or less of its activity depending on 
how nearly suitable the conditions are^ as the conditions are rela- 
tively more favorable the male is more active But the preparatory 
maneuvers have often been seen to go oi^ more or less vigorously 
for an hour or longer and then wane without copulation, the male 
finally wandering off Later, when the weather is perfect but the 
season too advanced and the females grown unresponsive, the males 
still contmue courtship — for a time energeticaUy, but gradually, as 
the days pass, with less and less vigor, until finally there is a period 
of mutual indifference This activity must not be interpreted as 
copulation, and the position of the male looping down at the female’s 
vent must not be assumed to mean attachment In fact, that 
position indicates that attachment has not occurred 

The act of copulation takes place suddenly and with a maneuver 
of the tails too quick to follow with the eye Apparently the raising of 
the female tail to a nearly vertical position is involved, but whether 
or not m part by the female herself is a question It seems as though 
the male in one of those upward wedgings of the female’s tail with 
his suddenly throws it straight up There is a flash of motion of 
the pair, and then stillness The male usually relaxes and slides off 
the female just as soon as the hemipems has been inserted, the vent 
being the only point of contact remaimng As long as there is agi- 
tation, and the male holds his position over the female, it is safe to 
guess that there is no attachment, when attachment occurs no 
guessing is necessary, for it is made plainly visit^e by separation of 
the bodies except at that pomt, generally with enough tension to 
expose a rim of the soft internal tissues 

After the paroxysm of attachment the female usually begins 
to glide very dowly away, dragging the male, who is earned along 
with only shfldit effort on his part The position of the male’s 
body in relation to the female’s shows which hemipems is in use 
He may head in the same general direction as the female and con- 
tnbute somewhat to the motion, or simply be pulled backwards 
They may settle down again or continue to move very dowly, but 
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dunng the tune of attachment they do not move quickly if undia- 
turbed Only rarely does the male repeat, and then m a sluggish 
manner, the glide up the back of the female The waves of con- 
traction which nppled up the body of the male usually stop entirely at 
copulation, so apparently are not a part of mseminaiLon Though 
there may be some irregular movements, the quick energetic rhythm, 
charactenstic of precopulation, very rarely occurs 

The usual duration of the attachment has been found to be about 
fifteen to twenty minutes, but has vaned from five to thirty minutes 
There is some evidence that insemination u not immediate, or at 
least not quickly completed, m that imusually short copulations 
have not given young At completion the hemipems is reverted, not 
withdrawn, the pair quietly drop apart, and neither snake has any 
further interest in the other Though the male may promptly mate 
agam, with another female, he shows no more interest in this one 
Only once, and that when a disturbance caused premature separation, 
has there been seen any further attempt by the male to resume 
mating with the same female after detachment But if the male finds 
another female he may at once repeat the whole act, and he may 
even complete a third successful copulation resulting m young The 
female, though, having once mated, seems mtolerant of any further 
courtship, at least for some time 

MiaiNTBBPBETATION OF THG COURTSHIP POSITION 

Frequently snakes seen in active courtship, or even lying quietly 
in the position taken m courtship, have confidently been reported as 
mating, or in copulation This mistake is perhaps natural But 
because of the vital difference between the two acts, and the fact 
that false genetical and physiological conclusions may result from 
confusing them, it has been thought worth while to emphasise here 
the differences m the two behaviors 

The apparent discrepancies between this paper and that by 
Davis (op Cl/ ) are thought to result from such a miamterpretation, 
rather than from cCifferences between the two species of garter snakes 
{Thamnophte atrtahe and T, radix), which are so alike that it would 
be rather Burprising to find a great variance in their breeding be- 
havior The few casual observations of T radix in our pits are in 
accordance, so far as they go, with those of T tnrUdtB, though the 
species has not been seen m copulation, it has been witnessed m a 
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courtship like that of T atrtahs and like that described in detail by 
Davis and interpreted as mating (shown m his Figure 33, erroneously 
described as a "copulating pair") 

The described "copulation" of Thamnophts radiz fits so exactly 
the often seen courtahip of T airtahs, but is so entirely at variance 
with the mo^tn^ of T strtahSf that only one conclusion seems jiossible 
the observer misunderstood the situation, and assumed and recorded 
copulation when the snakes took the mating position A brief dis- 
cussion will make it clear that the account is entirely in accord with 
our findings for T sirtalxa if it is accepted as a descnption of rather 
sluggish and lUKonsummatcd courtship, rather than of mating 
In the first record of "copulation” of Thamnophis radix on 
April 19, “the day was bright and sunny with a chilly southwest wind 
and an air tempt'rature betwexm 50® and 60® F " It is known that 
snakes of the same species in different climates react differently to 
given weather conditions, but the locality of the observation of 
T radix is so similar to that where our studies are being made that 
one would expect similar reactions Here, copulation on a day of 
such temperature, especially with a chilly wind, would be unex- 
pected, courtship, however, on such an Apnl day, would be looked 
for These facts alone prompted a cntical reading of the account, 
from which it was concluded that m no instance had mating occurred 
On this bright cool day the male found the female and glided 
along her back "When the tails of the pair were together, the male 
stopped and began to liend the rear part of his body around hers 
Contact was appamnily estabhshed almost immediately ” But 
even under perfect weather conditions such quick contact has seldom 
been seen here, always it has been preceded by at least a bnef 
period of the rhythmic muscular undulations of the male And 
almost mvanably there is a lash of tails at the moment of attachment 
which would not have been overlooked Evidently the contact was 
assumed by the observer, because of the position of the male's tail 
The account continues with a descnption of the convulsive waves 
of the male, "which were interpreted as indicating the actual or- 
gasm " But in Thamnophta atriahs these npples, varying in fre- 
quency and in intensity with varying suitability of weather and 
season, are the most conspicuous movements of courtship and are 
practically absent dunng copulatimi When the heinipcms has 
been inserted the male almost mvanably slips off the female at once, 
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the attachment at the vent bemg the only point of contact Evi* 
dently these snakes were not in copulation 

If it IB realised that in courtship the male’s tail keeps movmg, 
bending down about the female’s vent now on one side now on the 
other, the further account is understandable '‘After a dozen or 
more contractions of his body, the male withdrew the hemipenis, 
turned his body, and seemed to make a new entry with the opposite 
hemipenis After about a dozen orgasms m the new position 

the pair separated voluntarily and the male moved away ” That 
this was a rather half-hearted courtship, such as is not consummated, 
IB shown by the comparative quietness of the male’s tail and, further, 
by the fact that the male wandered away 

When a second male, even more apathetic than the first, mode 
an "attempt to copulate,” the first returned quickly and "mated 
for the second time Ten minutes later the three snakes were lymg 
quietly near one another [a, defimte mdication that conditions were 
not right for mating^ At a slight disturbance the first male left 
The second male immediately went through the courtship activities, 
running his chin along the back of the female from a point near the 
base of her tad untd he had reached a position smtablc for mating 
Copulation took place at once, following the same pattern as that 
described for the first male The hemipenes were employed suc- 
cessively as before The first male returned and tned to effect an 
entry from the opposite side, but was unsuccessful ” From com- 
parisons already made it must be plain that this female was not m 
copulation five times, as supposed, but was merely the object of 
langmd courtship by two males 

The female of the pair recorded as "in copulo” on May 10 
"left quickly when they were disturbed The pair apparently broke 
readdy, for the male was not dragged by the fei^e, as has frequently 
been desenbed ” The unphcation is Ihat this pair, too, were m the 
position of courtship, this, and the fact that t^ female* could leave 
quickly, suggest that there really was no attachment If an attached 
pair IS taken m the hands (as can be done m the pits without dis- 
turbing them when their heads are hidden in the leaf pile) a fauly 
strong pull can be given without separating them — a strain which 
even seems to threaten rupture of the soft tissues of the male At 
separation the hemipenis is not seen, which indicates that it is 
reverted (as would seem from its structure to be the endy possible 
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manner of separation) rather than withdrawn Thus the female in 
copulation cannot dart away from the male, unless he sunultane- 
ously reverts the hemipems 

THE female’s part 

The part played by the female is not clear* Her usual reaction to 
the amval of tlie male is only the watchfulness caused by any other 
slight disturbance Rarely, among tiie hundreds of tunes that a 
male has been dropped into a female’s pit, has the female made a 
perceptible advance toward the male before she was found by him 
One female arched her tail in an unusual way, took on a most alert 
manner, and moved slowly m jerks toward the male, another moved 
slowly to the male and crawled back and forth over him, with the 
vent slightly open, and copulation occurred within a few seconds 
But such behavior is exceedingly rare, as a rule the female hes still 
until found by the male, unless she has been disturbed by his fall onto 
the leaves When he stumbles upon her she may continue to he still 
and accept the courtship or she may take flight, sometimes violently 
lashing her tail or vibrating its tip* This vibration certainly is a 
recogmtion of the male, and perhaps a rebuff, for it has been notice- 
able m females refusing to mate Subsequent behavior seems to 
indicate that when a female flees, as is frequent, this is not an in- 
vitation for attention, but is an escape Young females, probably 
immature, have been soon to do this, and also females already mated, 
and it IS quite common behavior when the season has advanced too 
far for copulation 

During an accepted courtship the female seems quite passive 
But that the male is entirely responsible for that position of the 
female tail which is necessary for the entrance of the hemipems, or, 
in other words, that he can force the mating, seems doubtful, for 
apparently a female may qmetly resist copulation mdefimtely 
The fact that a capable male may work actively for an hour or more 
and give up without securing an attachment mdicates either that 
the female has some active part in the final maneuver or, more likely, 
that she may resist or allow it at will, rather th an that die has no 
voluntary part in it At tunes a female which has lain perfectly still 
dunng persistent activity of the male for a long time will suddenly 
dart away, peiiiM>8 with a vibrating or lashing of her tail, as thou^ 
the male had nearly aocompMied cc^mlation And the recorded 
instances of males f^ound in copulation with dead females seem to 
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indicate that females have no active part in the maneuver of attach- 
ment, but resist or not, at will 

Thus it appears that the female may have an active part in the 
act of copulation, stimulated to co5peration by the courtship actions 
of the male, but that more likely she has only the choice of resisting 
or not a mampulation which throws her into position for entrance of 
the hemipenis It would seem to be correct to say that a female 
accepts copulation, or refuses it 

DUUATION OF COPULATION 

In only about half the matmgs has the duration of the attach- 
ment been recorded When several pairs which arc being watched 
are m different pits it is very easy to miss seeing either the starting 
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or the ending of the copulation, and often, too, the snakes are out 
of sight under the leaves when they separate 

Duration of copulation, as shown by records of 53 matings, is 
usually from fifteen to twenty imnuies (see Table 1) About two 
thirds of the instances (33 of the 53) fall withm these lumts Of 
these 53 matings 26 were followed by fecundity and of these, likewise, 
about two thirds (18 of the 26) came within the limits of fifteen to 
twenty mmutes 

It may be noted that tliree successful copulations lasted only ten 
mmutes, but that none of the five which lasted less than ten mmutes 
produced young The minimum tune for successful impregnation 
may, ther^ore, be assumed to be about ten mmutes Possibly, how- 
ever, insemination is immediate and quickly completed, and further 
attachment serves some other purpose If this is so, the five-minute 
copulations may bo brief because they are noneffective, rather than 
noneffective because they are brief 


TABLE II 

A CoMSARiBOK m Bjdspjdct to Duiution op CoFULiiTioN OF Au# Mauds of 

TaAUIfOPHIS SIRTALtS SIRTALIS WITH TwO OB MoRB CoMPLIITB RbCORDS 
IN tbb Ybabs 1932 39 Inclubivb 

Other copulations of these males are not moluded because the duration was 


not recorded. Heavy type mdicates that a brood was bom in the summer 
following this copulation, light type, that the copulation failed to produce 
young, and (D), that the fem^ di^ before tune for giving burth, and no record 


was secured. 

Mak 

ApproamaU 
Unglh cf maUt 

Dtiratum of aUachmentf in mmutes 

Small Brown 

%nnm 

500 

•7,10 

•5, 10, 15 +, 16, 16 

9(1)), 15(D), 20 

TO 

574-600 

12-12 

665 (about) 

0,13,16-0 

690(?)-709 

10 +, 16 (about) 

2,8-10 

3,9-0 

625-655(7) 

16,16 

638 

10, *17 

L Black 

654-677 

15, 17, 20 

10, 10, 10, 10, 16, 17, 18, 30 

Brown 

565-592 

0-2,6 

675 

IS, 21(0), 84 (about) 

D 

64fMi70 

9 (an autumn mating), SO, 80, fSO +, 84 

U 

735 

80,20 

80,23(0) 

2-4,10 

iinriAll 

TB 

690 

20, 00 80 + 


* Second xnaiuig of this male on this afternoon 
t Thud mating of this male on this afternoon. 
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There is some induration m Tabic II that males vary in respect to 
duration of attachment, but the data are hardly sufficient to warrant 
more than a comment The last four males listed in the table cer- 
tainly seem to have had a tendency to remain attached longer than 
the average time, especially TB, which was twice recorded as in 
copulation for about thirty minutes — once being interrupted at 
the end of that time It is noticeable that (excepting 2-4,10) those 
males with long duration an* especially large, and that the smallest 
male, Small Brown, only 600 mm long, remained attached for a 
short time, though his ten-inmuie copulation produced a brood 

USE OF THE TWO HEMXPENES 

Only very retonlly has a record luH'n kept of which hemipcms is 
used ill a mat mg, and the data arc scant It seems that the two are 

TABLE III 


A Hecoru of CoFXTiiAnoNs OF Maizes of sirtaus 

aiHTALta Which Mated More than Once in a Season, 
Showing Which Hemipenis Was Used in Each Instance 


Male 

Date 

Hemippiiis 

used 

Duration of 
attachment m 
mmutcB 

12-12 

March 28. 1938 

lliffht 

20 


April 21 

Left 

15 


April 26 


9 

W Black 

Manh 24, 1»39 

? 

10-15 


April 4 

? 

7 


April 4 

Uight 

10 


April 22 

Uft 

21 - 

L Black 

April 4, 1939 

High! 

16 + 


Apnl 13 

Hight 

17 

0-2,6 

April 20, 1930 

Right 

21 * 


April 24 

Left 

12 


April 25 

Right 

7 


April 27 

Uft 

24 (about) 

2-4,10 

Apnl 16, 1940 

Left 

20 


April 22 

Left 

23 

2-4,6 

Apnl 27, 1940 

Left 

13 


May 9 

Left 

5 + 
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used with equal frequency, and that ui successive matings they do 
not regularly alternate — at least if several days have elapsed be- 
tween Unfortunately no record of this point was made on the 
oexaraons when a male mated twice or three times on the same 
afternoon Of the twenty-four records kept dunng the three years 
1938-40, exactly one half show the nght hemipenis in use, and one 
half the left The individual records of males which mated more 
than once in a season are given in Table III 

RESULTS OF BUCCESSIVE MATIKOS OF A MALE 

Certain males, because of their genetical constitutions, were 
needed for several matings in one season, others were desirable 
because of their dependability for quickly successful courtship 
These considerations, with the iuhhI of doing as much as possible in 
a short time when the day aas propitious, led to the use of the same 
male for a number of copulations in rapid succession As soon as a 
good male was free he was put into another pit In Table IV are re- 
corded the occurrences of two (and, in one instance, three) copula- 
tions by the same male, one immediately following the other Those 
records in which the second female died before the time for the birth 
of the young have beon discarded from this consideration 

In general the second of the two matings seemed normal in 
every way, and the broods resulting wen* of normal siae But two 
attachments were abnormally bnef (five and seven minutes, the 
usual time being fifteen to twenty), and gave no progeny Perhaps 
the previous matings i\erc rasponsible for the brevity and failure of 
these two In the instance in which three copulations were com- 
pleted within eighty minutes three good broods resulted 

The male’s second approach was just as active as the first, and 
there is nothing to lead one to think that such successive matings 
are not natural 


THE BIRTH OF THE YOUNG 

As reported in an earlier paper (see footnote 2, page 216), the 
tune of birth of young depends on the temperature of the mon^s of 
May, June, and July, not on the tune of matmg — provided only 
that copulation occurs not later than the begmnmg of the warm 
weather that starts the preparation of the eggs for ovulation Mat- 
ings delayed past tJiis time result m broods bom late The ^'period 



Mating of the Qarter Snake 


TABLE IV 


Rxcordb or Two (and, in One iNarANOs, Thrsb) Copulationb bt a Maid 
OF TmaMNOPJUS aiRTALia atRTAUB IN Onb Aptbknoon 





Number of 


Date of 

Number 

Male 

Date 

Time 

minutes 


birth of 

of 




attached 


young 

young 



? 

20 

M 

No record 

No record 

TB 

April 20, 

Immedi- 





1032 

ately 

7 

11 

Aug 5 

23 



after 





D 

Apnl 10, 
1032 

? 

20 

C 

Aug 31- 
Oct 15 

13 

(aUdead) 


? 

7 

Q 

Aug 4 

25 



2 16- 
2 40 

24 

V 

July 24 

61 

D 

Apnl 0 
1034 

? 

(Bncf at- 
tachment) 

fi-2 

Aug 8 

13 + 



3 05- 
3 25 

20 

W 

July 25 

35 

Brown 

April 9, 

? 

16 

B 

July 20 

24 

1934 

7 

• 

2,6-2 

July 24 

32 

BA 

Apnl 20, 

1 42- 
1 57 

15 

AQ 

Aug 12 

34 

1035 

2 87- 
2 54 

17 

2,6-2 

Aug 2S 

26 

Small Brown 

May 1, 

1 40- 
1 50 

10 

7,8^ 

Aug 17 

88 

1036 

2 Ofr- 
2 15 

7 

8,7-0 

No brood 

0 


May 4, 

lose 

7 

T 

2,10-2 

No record 

No record 

TC 

40 min 
later 


2,0-2 

No brodd 

i 

» 


* M«le ¥ras twioe attached, but dislodged, while TC wm attempting attach- 
ment 

t Male tried to reattach, uneucoeufuUy Very late m the eeaeon (May 1 1), 
these two enakee mated agam and were attached for fifteen imnutee or more 
This la the only inatanoe, during this work, of a female oopulatmg twice 
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uf development” (that is, the tune between the beginmng of propar 
ration of the eggs and the birth of the young, regardless of when 
fertilization takes place) has varied from three months in a warm 
season to four months in a cool season 

The number of young has varied from six (the first brood of a 
female three years old) to fifty-one Twenty-five to thirty-five is 
usual There is considerable difference among broods in the average 
length of the snakelmgs In most broods the males are, on the whole, 
shghtlv but significantlv larger than the females at birth, but this 
advantage is lost by the end of the next season, and soon the females 
are conspicuously larger A study of the number and size at birth 
of the snakelmgs, the sex ratio withm the broods, and the rate of 
growth from birth to maturity and old age has been made, and a 
report is m preparation 

YOUNO UESTJLTINO FIlOM MATING IN AUTUMN 

On cool sunny autumn days courtship is often seen, and a number 
of apparently normal copulations have been lecordinl, m nature and 
in the snake pits These are probably effective, for several times a 
brood has been borne by a female without a spring mating It could 
not be said with certainty that such broods resulted from matings of 
the previous autumn and not from those of the preceding spring 
The evidence, however, is strongly agamst such carrying over of 
fertility to the second spring, for more than a dozen females known 
to have mated in the spring and to have had broods m the summer 
were entirely isolated through the following season and were barren 

There is further evidence agamst the storing of sperm from spring 
to spring m the record of a black female witli which we worked for 
several years One year she had a brood of stnped snakehngs by 
a stnped male (melanism being a recessive character) The next 
season, by a black male, all her young were black The following 
season she agam mated with a stnped male, and had only stnped 
young Apparently the sperm of the preceding season’s mating did 
not function, else her broods would have been mixed m color, ” con- 
taminated ” This indicates that thoug^i sperm may last from an 
autumn mating to a spnng fertilization they apparently do not 
survive m the female from one spnng to the next 

Effective autumn mating is certainly not imcommon, but whether 
or not it IS frequent has not been determmed At different times at 
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least half a dozen females collected m the fall have had young next 
season without sprmg matmg The odd ratios of stnped and black 
young reported by E B S Logier * m broods from collected wild 
black females are difficult to explain unless the broods represented 
two males Melanism has been shown to be a simple Mendelian 
recessive/ so if broods from black females have both color patterns, 
stnped and black snakelings should appear in equal numbers They 
are anything but this in wild collected females There seems to be a 
tendency for rt'cently mated females to avoid another copulation 
immediately, and we have therefore suggested that the odd ratios, 
inexplicable on Mondelion lines alone, result from an autumn mating 
followed by another in the spring, rather than from two sprmg 
maimgs That sperm rfiould be able to survive the winter is not 
hard to believe m view of the fact that m very early spnng effc(*tivo 
mating may occur on a warm day which is followed by cold weather, 
when the snakes retreat again to hibernation Broods from such 
ahnonnally early activity are not bom earlier than those of matings 
of a month later, which suggests that the sperm hibernate with the 
female The* question of autumn mating and survival of sperm has 
been discussed m an earlier paper * 

FAlLUHE OF FIlMALIuB TO HAVE YOUNG 

Of fifty-four observed matings m the years 1932-37 mclusive 
forty gave young and fourteen (or about one fourth) were unproduc- 
tive Unusually early matings, after which the females return to hi- 
bernation, are not less likely to be productive, for of the four recorded 
for March 16 and 22 throe gave young, which is up to the general aver- 
age Of tlie three very late matings, one produced a normal brood, 
one female had no young, and one died with no record obtained 

The fourteen failures, which were scattered through the years, 
may be classed as follows 

1 Three failures which may be attributed to interrupted copu- 
lations In one instance the snakes were fric^tened by observers 

> '^Melanism in the Carter Sn^e, Thamnopkt^ nrtalu mrtaZw, m Ontano," 
Copeta, 172 83-84 1929, "Some Additional Notes on Melanism in Thamnophu 
nrtah$ nruUu in Ontsno," Copeia, 1 20 1930 

* Blanchard, Frank N and Fneda Cobb, "The inhentsnee of Melanism 
in the Qarter Snake Themnophu strkdis nrtofu (Lmnaeus), and Some Evi- 
dence of Effective Autumn Mating,'’ Pap ATtek Acad 8ci , ArU, and LeUarMf 
26(1040) 177-198 1941 
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(a cIobh) and separated after five minutes Another pair separated 
after fifteen minutes, which is a normal time, but the male repeatedly 
tned to reattach, which is not normal behavior A third pair sepa- 
rated after seven mmutes, for no evident reason This was the 
second mating of the male, and followed immediately on the first, 
which lasted ton nunutes and was successful Since in other instances 
an immediate second mating by a male has produced young the 
seven-minute copulation was probably not complete 

2 Three failures which may perhaps be attributed to old age 
of the female One of these females had been kept in our pits for 
fifteen years and could not well have been less than five years old 
when caught, making an age of at least twenty years She had 
borne young regularly for the six years previous to this failure, but 
the following autumn she was m poor condition and instead of 
hibernating normally she stayed out, and died The age of a second 
old female we do not know, but her very great siae (1,104 mm ) 
suggests great age She was caught on May 14, after the mating 
season, yet bore no young that year The following season she 
copulated with a male of good record, but had no young Perhaps 
she had reached sterility The third of these females was also 
exceedingly large (974 mm the previous autumn) She did bear a 
brood of thirty-three the year following this failure, it is true, but 
though we were able to keep her for three years after that, we were 
not able to accomplish even a mating 

3 Three failures m which the mating records were not normal 
One pair was in copulation for fifteen minutes, but the male had 
worked hard for an hour previously, though the conditions were 
favorable, without response from the female Another of these three 
was the only mstance wo have observed of a female mating twice 
The two snakes were in copulation for five mmutes on May 4 
(forty minutes after the start of a previous copulation by the male) 
The male tned to reattach, and we assumed this to mdicate mcom- 
plete msemmation On May 11 (a very late date for mating) we 
introduced the male again and a fifteen-minute copulation resulted 
Even so, there was no brood A third female had had a brood with- 
out a sprmg mating The following spnng an apparently normal 
mating occurred, but there were no young The next spnng, how- 
ever, she refused to mate and m the autumn had to be killed because 
of an unhealthy skm conditum. 
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4 Three failures which could not be accounted for, but in which 
there was no brood history for the femaliis One rather large female 
(mating with a very small male, possibly not mature and with no 
other matmg record) was kept for four years, durmg which this was 
her only copulation, so there is no record of her fertility Another 
of these fenudeB had been bom m 1023 and was at this time nme years 
old and 615 mm* long, but had never before mated The next year 
she mated again, but died soon afterwards, never having produced 
young Here again there is no record of fertility The last of these 
three females had been caught the year before, and this was the only 
season that she mated m the pits 

5. Two failures for which there is no evident excuse The dura^ 
tion of copulation was recorded as normal m one instance (and not 
recorded as abnormal in the other), and the dates were normal, the 
male had a good fertility record, and had not just previously mated, 
each female had a good record, had borne young the year preceding, 
and bore the year followmg But here it is interesting to note that 
m two other instances a pair of snakes, which had been confined 
together constantly, failed to produce young one year, though they 
had the year preceding It is not known whether unfruitful copular 
tions occurred or whether the snakes did not mate But these two 
failures, m addition to the two unaccountable failures under dis- 
cussion, suggest that it may not be abnormal for a female to omit 
a year occasionally 

It has been noticed at the Biological Station of the University of 
Michigan that many of the garter snakes caught m the vicimty well 
after the matmg season is over and too early for the young to have 
been bom from spring mating have no developing embryos or bear 
no young Of course it is not known whether or not l^ese snakes 
mated 


SUHMABY t 

1 Under the fairly natural conditions of the enclosures at Ann 
Arbor, Michigan, mating occurs on days of smtable weather from 
mid-March to early May, especially m late April After this penod 
females which have not mat^ will not do so, and males soon cease 
courtship 

2 In the autumn the garter snakes have another mating penod 
Snakes cauc^t in the late autumn, though prevented from mating the 
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next spnng, may have young m the summer. But captive females, 
without autumn mating, have not borne young from the spring 
mating of the previous year This indicates that autumn matmg 
may produce young, sperm presumably hibernating in the female 

3 Courtship, more or less vigorous, often occurs when con- 
ditions are not suitable for copulation, it may last for hours, wane, 
and end unconaummated When conditions are right it may be as 
brief as two or three mmutes, though that is not usual Durmg a 
courtship which ends with copulation the female is usually quiet or 
moves slowly, while the male is very active, maintammg or repeatedly 
resuming his superior position, often quickly '^chinnmg” his way 
toward her tail, suddenly reversing, and conung back to the ongmal 
position with convulsive body npples running forward from his tail 

4 After attachment has been secured, the male slides from the 
back of the female and is generally quite passive, his rhythmic 
convulsive waves ceasing These waves are apparently connected 
with courtship, not with insemination 

5 Attachment commonly lasts from fifteen to twenty mmutes, 
but has vaned from five to thirty Tliosc laatmg less than ten 
minutes have not produced young 

6 Only one hemipenis is used m a matmg The two are used 
with about equal frequency, but probably not alternately 

7 The female’s part in copulation appears to be passive, she 
accepts or resists it, but probably has no active part in it 

8 After separation the male may immediately mate with another 
female, and even a third, producing young, but the femde does not 
mate again — or at least not immediately 

9 The broods of females which mato m late April are bom from 
three to four months later, the date of birth depending on the summer 
temperature The number of young in a brood has vaned from six 
(the first brood of a three-year-old female) to fifty-one The broods 
differ considerably in the average length of the snakehngs Males 
are riiid^tly longer at birth 

10 About one fourth of the recorded matings gave no young. 
Some failures may be attnbuted to interrupted copulation, old age 
of the female, or some abnormal condition or circumstance, but for 
others there is no evident excuse In nature it has been observed 
that many adult females are barren. 

UmvaasiTr ow MxcatOAV 



THE PALPIMANIDAE OF PANAMA 

ARTHUR M CHICKERINQ 

P ETRUNKEVITCH (1911) listed only four genera and seven 
species of Palpimanidae in his Index-Catalogue Five of these 
species were from South America, two frtim the West Indies Three 
genera were represented by only the type species Banks (1929) found 
one female on Barro Colorado Island, Canal Zone, in June, 1924, and 
desenbed it as a new species, Oiiothops maekayt Dr Frank E Luts, 
of the American Museum of Natural History, found a single female 
in June, 1915, on the island of Porto Rico, and Petnmkevitch (1929) 
desenbed it as 0 lutzi Bryant (1940) recorded three females of 
0 waJekenaen Macl^ay and also the allotype male m her extensive 
collections from Cuba 

Oltothopa macleayt Banks appears to be the only palpimanid oo- 
currmg in the regions of Panama where I have collected The species 
IS common on Barro Colorado Island along the fringe of the cleared 
land in the vicinity of the laboratory buildings of the Canal Zone 
Biological Area, and 1 now have many specimens of both sexes from 
several localities m Panama, as recorded later in this paper 

The most important features of the family may be summarised 
as follows only two spinnerets, the eight eyes heterogeneous and 
m two rows, either two or three tarsal claws, no opigynum; nude 
palp simplified, maxillary lobes convergent; antenor tarsi and metar 
tarsi provided with heavy prolateral scopulae, three pairs of cardiac 
ostia 

A male has been selected as the allotype and described as follows 

Oiiothopi macleayt Banks 
(Figures 1-6) 

Malealloiype —Total length 6 7 mm Carapace 2 695 mm long, 
1 96 mm wide opposite second coxae, almost p^ectly oval as seen 
from dorsal view, posterior eyes occupymg ^ghtly less than nme 
elevenths of width ot head, tltoraeic groove represented by a fairly 

286 
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deep fovea at bottom of first abrupt decbvity, very gently arched 
from postenor row of eyes to beginning of last fourthi then abruptly 
declivitous to fovea, and, after that, more gently sloping to postenor 
border (Fig 4), about two thirds as high as wide. 

Eyes — Eight in two rows Postenor row only slightly longer 
than anterior row Observed from above, antenor row somewhat 
recurved, posterior row strongly proourved, so that lateral eyes 



EXTERNAL ANATOMY OF OTIOTHOPS MACLSAYI BANKS 
(Figum 1-^) 

1 Male palpus, retrolateral view 

2 Male palpus, vaatiml view 

3 First femur, reiroIatenJ view 

4 CephalodioFSZ, lateral view 

6 Fang groove with retrolateral teeth and cluster of qilnes 

are practically contiguous AME round, LE oval, PME irregu- 
larly oval FME silvery, all others transparent Ratio of eyes 
AME ALE PME PLE - 7 5.5 46 AME separated from 
one another by six sevenths of their diameter, from ALE by five 
sevenths of their diameter PME separated from one another by 
two thirds of their diameter, from PLE by twenty nmtibs of their 
diameter Laterals separated only by a line Central ocular quad- 
rangle wider m front ttian behmd m ratio of 4 3, almost exactly 
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as long as wide in front Width of clypeus equal to eighteen sevenths 
of diameter of AME Ventral third of clypeus excavated and fringed 
with a thin whitish membrane (clypeal excavation much less evident 
in female holotype) 

Chehcerae — Short, stout, with short fang, distinct ridgelike 
boss, roughened and irregularly corrugated on anterior surface 
Promargtn of fang groove without teeth , retromargm with four small 
teeth (Fig 5) Peculiar cluster of nme stiff spines opposite tip of 
fang (teeth and spines determined from a paratype to avoid mjury 
to the allotype, but confirmed on the latter) Females frequently 
with five teeth on retromargm as well as cluster of spines 

Maxillae — Longer than wide in ratio of slightly more than 2 1 , 
rounded along outer border, which is strongly chitinous distally 
Well-developed scopulae along mildly truncated distal medial comers 
A low tooth where maxillae meet a corresponding rough tubercle on 
sternum Moderately convergent 

Ltp — Generally triangular in shape, longer than wide m ratio 
of 19 17, distal end deeply notched About four fifths of length 
of maxilla Distal half gently excavated laterally and gently keeled 
centrally Sternal suture sli^tly procurved Rostrum projects be- 
yond tip of hp 

Sternum — Longer than wide m ratio of 30 21, widest between 
intervals separating first and second legs Convex, beaded, strongly 
chitmised parts extending dorsally between legs to membrane sepa- 
rating sternum from carapace, continued between fourth coxae, where 
it IS truncate, fourth coxae separated by almost their greatest 
diameter Two small teeth near posterior truncature First coxae 
nearly twice as long as either second or thud, and much stouter 
Lege — 4123 Tibial index of first leg 14, of fourth leg 11 


Femora PaMae TiUae Afetatarai Tarn Totak 
(All measuramente m miUimetetB) * 


1 

184 

160 

122 

065 

066 

587 

2 

143 

088 

1 16 

096 

065 

407 

8 

169 

070 

098 

0 87 

060 

464 

4 

167 

098 

161 

147 

061 

624 

Palp 

066 

018 

0 28 


070 

181 


Width of first patella at knee 0 405 mm , width of fourth patella 
at knee 0 27 mm First femora very stout, very convex dorsally on 
proximal halves (Fig 3), greatest dorsoventral diameter 0 96 mm , 
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or slightly more than ono half total length of segment Relative 
lengths of leg segments, as shown by table above, often veiy dif- 
ferent from what is usual m spiders No spmes First leg with 
true scopulac as follows complete iridescent prolateral tibial scop- 
ula, complete iridescent prolateral metatarsal scopula, small iri- 
descent prolatcral tarsal scopula on second quarter, small distal 
tarsal scopula of very short tenent hairs Second leg with a ventral 
metatarsal brush of hairs along distal half of segment, also with a 
short distal tarsal scopula Third and fourth legs same as second 
Elsewhere legs covered with a moderately heavy coating of fairly 
long hair Tnchobothria apparently lackmg Two curved claws 
throughout, seemingly alike, terminal tooth stout, longest, eight 
or nine others shorter, smaller, becoming retrocurved toward base 
Claw tufts small on posterior two pairs of legs, normal on anterior 
two pairs 

Palp — Small, simple, with no apophyses Femur somewhat 
curved dorsally Cymbium long and slender, somewhat constneted 
at about two fifths of distance from base, with a retrolateral band 
of stiff black bristlcjs Bulb ovoid, with embolus originating from 
outer side near basal end and extending m slightly sinuous fashion 
to near tip of cymbium, when' it divides into two very slender proc- 
esses, one straight, pointed, the other curved (Figs 1-2) 

Abdomen — Regularly ovoid, only slightly fiattoned ventrally, 
quite thickly clothed with hair Epigenital area strongly chitinized 
and inegularly corrugated Chitmized epigemtal area extends dor- 
sally mto a short but well-marked scutum No colulus visible 
Single pair of spinnerets short, tubular Anal tubercle short, blunt 
Color in alcohol — Both carapace and sternum a iich reddish 
mahogany color, as are the first pair of legs, chehcerae, epigenital 
area, abdommal scutum, maxillae, and lip Remaining legs and 
palps a light amber Abdomen, except as otherwise noted, a duller 
reddish brown with yellowish dots 

Type localtiy — Male allotype from Barro Colorado Island, Canal 
Zone, August, 1939 1 now have in my collection nmety-four mature 
specimens of both sexes from the following locahties* Barro Colo- 
rado Island, 1934, 1936, 1939, Porto Bello, 1936, Canal Zone Forest 
Reserve, 1939; Madden Dam region, 1936, 1939, Balboa, 1939 

Axaion Coujios 
Au»on, Michigan 
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AGE AND GROWTH OF THE YELLOW PERCH, 
PERCA FLAVESCENS (MITCHILL), IN THE 
WISCONSIN WATERS OF GREEN BAY 
AND NORTHERN LAKE MICHIGAN 

RALPH HILE AND FRANK W JOBES 
INTHOOUCriON 

ALTHOUGH the yellow perch occurs m the shallower waters 
throughout the Great Lakes and is of considerable importance 
to both commercial fisliermen and anglers m many localities, the chief 
centers of commercial production are Lake Ene, Saginaw Bay in 
Lake Huron, and Green Bay m Lake Michigan Investigations of 
the age and growth of yellow perch m Great Lakes waters have been 
made of the Lake Ene perch by Jobes (MS) and of the Saginaw 
Bay perch by Hile and Jobes (1041) ^ The completion of the pres- 
ent study, the first on the growth of yellow perch m Lake Michigan, 
makes possible a comparison of the growth of the species in the tliree 
leading centers of production m the Great Lakes 

The study of the growth of the Green Bay yellow porch is of 
particular significance because of the contention of Wisconsin fisher- 
men that this stock of perch grows at an exceptionally slow rate 
The Green Bay fishermen believe also that the perch grows more 
slowly m the bay than m the open waters of Lake Michigan 

HATSBIALS AND MBTHODB * 

The determination of age and the calculation of mdividual growth 
histones from the examination and measurement of scales were 
earned out for 762 yellow perch collected in Green Bay (see Fig 1 
for localities) An additional 90 fish, for which there were no sex 

^ Ella, Ralph, and Jobes, Frank W , Age, Growth, and Produoiton of the 
Yellow Pereh, Perea fioBneem (Mitohill), of Saginaw 1^/’ Prone Am Ft$h 
SoCtTO 103-132, figs 1-5 1941 
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Fiq 1, Localities at which samples of eighteen or more ydlow perch were taken 
in Green Bay and Lake Michigan 1032| otrolesi 1034, upright triangles, 
1037, squares, 1988, inverted triangles 

data, were employed in the study of age composition (Table I), but 
then mdividual growth histories were not computed. All but the 
1032 collections were taken m commercial gear The details con- 
cemmg the collections follow* 

19$e 441 perch taken between April 27 and May 28, m experimental gUl nets 
(mesh sues 2|, 2}, 2|, and 2} inches, extenston messure) fished from the 
Bureau of Fisheriee vessel, Fulmar 
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193i 107 porch taken on March 24 in a 2-2i-inrh-me8h pound net 
1997 65 perch taken between November 26 and Deceml^r 3 m a 2|-inch-meeh 
gill net and 3 (not included in Tables 1 and lip but included in body of Table 
IV) in a 2{-inoh-meBh gill net^ 74 fish taken on December 13 by a 2^inch- 
mcflh fyke net (includes one &h vvithout sex data^ not uaed in the growth 
study) Eighty-nine fish for which sex data were lacking, taken on Novem- 
ber 12 in a 2|-inLb-inesh gtU net, were employed for the study of age com- 
position but not of growth 

1938 73 perch taken between March 22 and April 5 in pound nets and fyke nets 
whose mesh sizes ranged from If to 2t inches (more tlmn half of the total 
from a 2-inch-meHh pound net) 

In addition, ages were determined for five large finh aelooted for 

size 

The study of the relationship between the length and the weight 
of Green Bay yellow perch was based on 938 fish, moludmg all speci- 
mens employed m the investigation of age and growth and also 
those perch whose ages could not be determined and several scat- 
tered selected samples (large fish selected for size, samples of illegal 
fish only, samples of legal fish only) 

The relationship between total length and standard length was 
determined from measurements of 609 yellow perch from Green Bay 
and 360 from the Beaver Island region of northeastern Lake Michigan. 
No significant differences were found between the data from the two 
areas 

Collections of yeilow perch totaling 276, taken in 2|-inch-mesh 
commercial gill nets between September 2 and October 13, 1937, 
were employed for the study of the age and growth of the perch in 
the Wisconsin waters of northern Lake Michigan (see Fig 1 for 
localities) Ages of four large selected fish collected m 1937 and 
1938 were also determined The investigation of the length-weight 
relationship of perch in this area was based on 294 fish 

Scales for age determmation were mounted m a glycerm-gelatme 
medium and examined and measured on a microproj action apparatus 
at the magmfication X 40 7 The calculation of grow& was made 
by the method employed for the Saginaw Bay yellow pcTch (see 
note 1) In this procedure direct-proportion computations, based 
on the assumption that the body-scale ratio is constant, were em- 
ployed for the determination of calculated lengths of 102 millimeters 
and greater Calculated lengths less than 102 millimeters were 
^'corrected” to compensate for the disproportionate growth of body 
and scale among smaller fish It is realized that the correction of 
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the calculated lengths of the Qreen Bay and Lake Michigan yellow 
perch from a body-scale curve derived from Saginaw Bay materials 
may involve a certain degree of approximation It is not believed, 
however, that the error was large 

Age^ have been designated by roman numerals corresponding to 
the number of annuli on the scales, except for fish taken in the spring 
before the onset of growth For these fish an annulus was “ assumed 
to be present at the edge of the scale, and the age assigned exceeded 
by one the number of visible annuli 

All materials and data obtained from Lake Michigan in 1937 and 
1938 and from Green Ba> m 1934, 1937, and 1938 were collected by 
investigators of the Wisconsin Conservation Department and made 
available to us through the courtesy of Dr Edward Schneberger, 
chief of the Biology Division The 1932 collections were made by 
Dr Hilary J Deason and other staff members aboard the Bureau of 
Fisheries vessel Fulmar We wish also to thank Dr John Van Oosten, 
in charge of Great Lakes Fishery Investigations of the U S Fish 
and Wildlife Service, for his numerous suggestions for the improve- 
ment of the original manusenpt 

AQK COMeOBlTlON AND LENGTH DISTRIBUTION 

The age composition of the samples of Green Bay yellow perch 
(Table 1) vaned widely, with the dominant age group as young as 
II and as old as V The 1932 data suggest that mesh size of the gill 
nets employed had a significant effect on the age composition of the 
samples The samples from the 2t-mch-mesh net were dommated 
by age group IV, whereas the samples from the larger mesh sizes 
all were dominated by age group V The relative abundance of 
IV-group perch tended to decrease and the abundance of Vl-group 
fish to increase with increase m the size of mesh 

Donunant age groups m samples from commercial gears (the 
2t-inch-me8h experimental gill net fished m 1932 may be considered 
commercial gear) were ago group II m the gill-net sample of 1937, 
age group 111 m the fyke-net collection of the same year and the 
pound-net collection of 1934, and age group IV in the collections 
of 1932 and 1938 It should be mentioned, however, that the 1937 
collections were made m late fall and early winter, whereas the col- 
lections of the remaining years were taken m the sprmg Conse- 
quently fish captured m 1937 had enjoyed one more season of growth 



Aob CcMFOflmoN or Sahvixs or Gbbbn Bat Yellow Perch Taken in DirrERSNT Calendar Yeabr, in 
SEA jSONB, and BT DIFFERENT FlSHINO GbaR (PeRCSNTAOES IN PARENTHESES) 



Excludes patches of 2^-, 2 j-, and 2i-mcb*me8h gill nets in 1932 
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than had members of the same age groups m the collections of other 
years A better idea of the age composition of the commercial catch 
may possibly be obtained from a compilation made m terms of com- 
pleted growing seasons (Table II) 

Yellow perch that had completed four seasons of growth made 
up nearly half (46 2 per cent) of the combmod samples of Uie com- 
mercial catch Next m abundance were perch that had completed 
three growing seasons (25 8 per cent) and five growing seasons (16 0 
per cent) Other groups were represented only sparsely 


TABLE II 


Aos OF Obssn Bat Ybllow Perch Taken in Commercial Gear, Expressed 
IN Terms of the Number of Qrowino Seasons Completed 


Number of completed Number of 


growing eeaaone 
2 

3 

4 

5 

6 

7 

8 
9 


fiah 

30 

136 

243 

84 

24 

4 

4 

1 


Percentage 

67 
258 
462 
16 0 
45 
08 
08 
02 


The age composition of the samples coUected with 2 j-mch-mesh 
gill nets in Lake Michigan m the fall of 1937 may be seen in Table III 
Age group lY was dommant (42 7 per cent), and the combmed age 
groups III and IV made up 78 2 per cent of the total The only 
samples from Green Bay from 2f-inch-mesh gill nets (spring of 1932) 
were dommated by age group V. In terms of seasons of growth 
completed, however, these V-group fish correspond to the IV-group 
perch captured m Lake Michigan m the fall 

It is not beheved that the data on the age composition of the 
samples of yellow perch from either Green Bay or Lake Michigan 
are suitable for an analysis of the rdative abundance of the year 
classes represented The chief defect of the data is the lack of 
adequate collections taken over a penod of consecutive years by 
means of gear of the same type and mesh size A further weihncss 
of the data for the Green Bay perch lies m the fact that most of the 
collections were taken dunng the spawnmg run In spawmng-run 
samples the younger age groups that contam a high percentage of 
immature fish are not adequately represented. 
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TABLE III 

Aqb Composition op trv Samples of Ybllow Pbbcb Taken in the Fall 
OF 1037 IN THE Lake Mxobioan Waters of Door Gountt, Wisconsin 


Age 

group 

Number of 
fi$k 

Percentage 

11 

25 

01 

III 

98 

356 

IV 

118 

427 

V 

27 

98 

VI 

8 

20 


The length-frequency distributions of Green Bay yellow perch 
have been arranged m Table IV according to sex and the number 
of completed growing seasons (that is, with perch collected in the 
fall of 1937 combmed with fish of the next higher age group of the 
spring collections of other years) As is commonly true of perch, 
the length distributions of fish of different ages exhibited considerable 
overlap, although this overlap doubtless was increased m the data 
for Green Bay perch by the combination of samples taken in different 
calendar years All length intervals at which fish were abundant 
were represented by perch of three or four different ages In fish 
of corresponding age the modal and average lengths of females con- 
sistently exceeded those of males 

Females attamed the State of Wisconsin’s legal siso of 7} inches, 
total length (162 milhmeters, standard length), earlier than males 
(Although a 7-mch hmit was in effect at the time of the collection 
of the materials employed m this study, the limit was raised to 

inches on July 1, 1940, and is scheduled to be increased further 
to 8 mches, effective on July 1, 1943 ) At the end of two growing 
seasons all males and females were below legal length On the com- 
pletion of three growing seasons, however, 96 0 per cent of the medes 
though only 63 8 per cent of the females were undejsized Rela- 
tively few of the females (9 0 per cent) but a majority of the moles 
(67 6 per cent) were below the length of 7^ inches at the end of 
four growing seasons Undersized perch of both sexes were scarce 
at the end of five and six growmg seasons (no undersized females 
at the end of six seasons), and all fish were longer than 7^ mches 
beyond the sixth year of life. 

In the thnd and fourth columns from the nght of Table IV may 
be seen the length-frequency distribution of all random samples of 
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Green Bay yellow perch taken m commercial gear The percentage 
of undersiaed fiah (T^mch mze limit) m the samples of the com- 
mercial catch waa 30 8 The percentages of illegal-sized perch at 
sue limits of 7, 8, and 8^ inches (an 8}-mch size limit is effective 
m the State of Michigan waters of the Great Lakes) were 21 5, 
49 2, and 67 3, respectively 

The additional information that would be obtamed from the pres- 
entation of length-frequency distributions of the age groups of Lake 
Michigan yellow perch is not sufficiently great to warrant the ex- 
pansion of the tabular material The length-frequency distribution 
of all Lake Michigan perch, however, is shown at the extreme right 
of Table IV Of the 290 perch (mciuding 14 whose ages were not 
determined) m samples of the commercial catch (taken by 2f-mch- 
mesh gill nets) only 1 4 per cent were below 7^ inches in length At 
size limits of 7, 6, and 8^ inches the percentages of illegal-sized fish 
were 0 0, 9 0, and 34 8, respectively 

GROWTH IN LENGTH AND WEIGHT 

The average lengths and weights of the age groups of Green Bay 
yellow perch at capture and the calculated growth histones of the 
age groups are given for tlie males in Table V and for the females 
m Table VI The calculated lengths m these two tables exhibit 
numerous and at times laige discrepancies Some of these disagree- 
ments are doubtless the result of the small numbers of specimens 
m certain age groups The remamder must be ascribed to other 
causes The discrepancies are in general similar in the data for 
both sexes 

Lee's phenomenon of ** apparent decrease m growth rate” with 
increase m the age of fish on which the calculations of growth arc 
based occurred in the calculated lengths for the first three or four 
years of life The second-year and third-year calculi^ted lengths ex- 
hibited these systematic discrepancies most sharply First-year 
lengths were affected less and fourth-year lengths only slightly. 
The calculated lengths m the later years of life gave no mdication 
of the presence of Lee's phenomenon 

A detailed discussion of the probable causes of Lee's phenomenon 
m the calculated lengths of yellow perch need not be given since the 
problem has been treated thoroui^ly by Jobes (MS) Although no 
study was made of the body-scale relationship in the Green Bay 
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perchf it appears safe to state nevertheless that the discrepancies 
represent m the main real differences m the growth of the fish m 
the various age groups and not methodical errors traceable to the 
procedure followed m calculating growth It can be stated also 
that the selective action of the fishing gear and selective destruction 
of the more rapidly growmg individuals in the commercial fishery 
were doubtless among the most important factors contnbuting to 
the observed differences in the growth histones of the several age 
groups Segregation according to size and matunty also may have 
played a significant rdle 

Rather large discrepancies occurred also between the correspond- 
ing calculated lengths of yellow perch that were members of the 
same age group but were collected in different calendar years Perch 
of the 1032 collection, especially age groups IV and V, were large at 
capture and had large calculated lengths m the later years of life 
This rapid growth of perch of the 1932 collection is believed to bo 
in large measure the result of the use m that year of gill nets of mesh 
sizes greater than the 2|-moh mesh commonly employed by com- 
mercial fishermen m the Wisconsin waters of Green Bay Evidence 
in support of the belief that nets with larger mesh sizes tend to select 
the larger fish may be found m Table VIl, m which are shown the 
average lengths of some of the best-represented age groups as deter- 
mmed from the samples of gill nets of different mesh size ’ Particular 
attention should be given to the data for the females, since males 
were represented so poorly that their average lengths were included 
only to show that the data for both sexes exhibited similar trends 
With 6ne exception the average length of the females of each age 
group mcreased with increase in the size of mesh The differences 
between the average lengths of the age groups of females as deter- 
mined from the sample of the 2f-mch-mesh net (approximately the 
equivalent of commercial gill nets) and as determmed from the 
combmed samples of all nets were age group IV, 7 milluneters, 
age group V, 13 millimeters, and age group VI, 20 millimeters The 
differences between the average lengths of female perch captured by 
2}- and 2|-moh-iueBh gdl nets were age group IV, 21 millimeters, 

* Since it wee believed that only those ooUectioM should be employed that 
had been taken in nets of different mesh sue fished ^multaneously, a Section 
from Sturgeon Bay, for the capture of which only the 2|-mob-medi net was 
employed, was sxeluded in ths preparation of Table VCI 
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TABLE VII 

Rblatxonship BSTwaaN tbb Mssa Siss or tbb Qxll Nbtb Emflotbp in 
Taking tuk Sahplbs ani> thb Avebagb Btanoard Length in Milu- 
lUOTBaa or the Rspbbsentativbb of Oebtain Age Qboups in the 1Q32 
OoLLBonoN OF Yellow Perch from Green Bat (Number of Specxmbnb 

IN PARBNTHBBBfi) 


Mesb BiKe (airetched 
measure m Inohes) 

Length according to age group and sex 

Average length 
of all perch 
taken m meeh * 

IV 

V 

VI 

Female 

Male 

Female 

Male 

Female 

2| 

188 

201 

101 

197 

191 

190 


(65) 

(6) 

(36) 

(6) 

(9) 

(188) 

2i 

105 

Kgs 

201 

210 

211 

201 


(31) 

(7) 

(36) 

(7) 

(19) 

(106) 

2t 

206 

220 

211 

207 

211 

207 


(27) 

(1) 

(49) 

(2) 

(19) 

(106) 

2| 

209 

mhym 

215 

227 

218 

210 


(10) 

(2) 

(27) 

(1) 

(22) 

(113) 

Average 

106 


204 

206 

211 

201 


(183) 

(16) 

(148) 

(16) 

(«9) 

(468) 


* Indudes other age groups and 17 fiah whose ages were not determined 


age group V, 24 nulluneterB, and age group VI, 27 millimeters 
From these data it is apparent that the selective action of fishing 
gear may have a pronounced effect on the determination of the 
growth histones of samples of fish 

Fluctuations in growth rate from one year to another also may 
have contributed to the discrepancies between the calculated growth 
of yellow perch of the same age group collected m different yom 
In spite of the rather large discrepancies in the calculated growth 
histones of Green Bay yellow perch of the same and different ages, 
it is believed that a general growth curve based on the combination 
of the collections from all years and localities and taken by various 
types of gear provides a reasonably reliable mdex of the rate of growth 
of the population The grand average calculated lengths and incre- 
ments of length at the bottoms of Tables V and VI (see also Table XI 
for a direct comparison of the growth of the sexes and Figure 3 for 
a graphical representation of the growth of Green Bay perch) reveal 
that perch of both sexes made by far the greatest growth m length 

































254 


Htle and JdbeB 


in the first year of life The much smaller growth increments of the 
later years exhibited a distmct although at times an irregular down- 
ward trend (The males showed this trend more clearly than did 
the females ) Beginnmg m the third year of life the calculated lengths 
of females exceeded those of males This sex difference ranged from 
7 millimeters at the end of the third year to a maximum of 24 milli- 
meters at the end of the seventh The legal length of 1\ inches, total 
length (162 millimeters, standard length), was attained by the females 
in the latter part of the fourth year of life and by the males early 
in the fifth year of life The ages at which lengths of 7, 8, and 8^ 
mches were reached were 7 inches, m the fourth year of life of 
both the males and the females, 8 inches, at the end of the fourth 
year of life of the females and about the middle of the fifth year of 
life of the males, 8^ inrhes, about the middle of the fifth year of life 
of the females and at the end of tlie fifth year of life of the males 

The calculated weights of Green Bay yellow perch at the end of 
the different years of life (Table XII) correspond to the grand aver- 
age calculated lengths, and were computed by means of the length- 
weight equation given on page 257 The calculated weights of males 
and females were the same* at the end of the first and second years 
of life In later years the females had an advantage that varied from 
7 grams at the end of the third year of life to 83 grams at the 
end of the seventh The averages for the sexes reveal that the Green 
Bay perch did not reach a weight of a quarter pound until the fifth 
year of life The weight of a half pound was reached m the seventh 
year of life, and the females weighed more than a pound in the 
ninth year 

Since records of sex were not available for the collections of yellow 
perch from Lake Michigan, the discrepancies among the calculated 
lengths of the age groups (Table YIII) may depend in part on varia- 
tions in the relative abundance of males and females at different ages. 
Other factors, mentioned previously, also doubt](>ss contributed to 
the occurrence of Lee's phenomenon in the growth data for Lake 
Michigan perch In spite of the lack of sex records the data of 
Table XI indicate conclusively that Green Bay fishermen are m 
error in their contention that perch grow more slowly m Green Bay 
than m Lake Michigan The grand average calculated lengths 
the Lake Michigan perch were well below the calculated lengths of 
female Green Bay perch m all years of life beyond the first and were 



255 


Age and Grmih of the Yellow Perch 

less than the calculated lengths of male Green Bay perch m every 
year of life but the sixth The alow growth of perch in the samples 
from Lake Michigan cannot well be attributed to the selective ac- 
tion of gear since they were taken by gill nets of relatively large mesh 
(2§ inches, stretched measure) 

The calculated growth m weight of Lake Michigan yellow perch 
(Table Xll) was computed by means of the length-weight equation 
given on pag^ 267 By reason of their more robust form their cal- 

TABLE VIII 

AvaBAOB Lbnotb and WmQBT AT Captuke of Ybllow Pbbcb Coludctbd 
IN Nokthbrn Lake Michigan in SsPTEMBim, 1037, and tho Avbbaob 
Calcttlatbo Length Attained bt the Age Qboufs at the Knd of Each 
Year of Life (No Records of Sex Obtained) 


Age 

gjroup 

Number 

of 

fiah 

Weight 

m 

ounces 

Total 

length 

in 

inches 

Weight 

in 

grama 

Stand- 

ard 

length in 
nulli- 
meterR 

225 

193 

193 

187 

177 

Calculated standard length 
111 inillimeterB at end of 
year of life 

1 

56 

58 

01 

61 

64 

2 

3 

4 

5 

6 

I 

8 

27 

118 

08 

25 

95 

67 

6d 

61 

42 

10 4 
89 
89 
86 
82 

269 

101 

158 

144 

120 

83 

87 

92 

99 

116 

113 

no 

118 

145 

148 

136 

159 

172 

166 

201 

Grand average calculated length * 

Annual increment of length 

Number of fiah 

61 

61 

276 

90 

35 

276 

128 

32 

261 

154 

26 

153 

183 

29 

35 

212 

29 

8 


* Beyond the fourth year of life the grand average calculated leugtlifa were 
determine by the Bueoeasive addition of the grand average anuual uicremeuts of 
length to the grand average oaloulated length at Uie end of the fourth year 


culated weights exceeded those of Green Bay porch m four of the 
SIX years of life for which comparisons were possible, and were equal 
to or only slightly less than the weights of Green Bay fish m the 
remaining two years of life 

The data for a number of selected large yellow perch from Green 
Bay and Lake Michigan provide some idea of the maximum siae 
and age attained m those areas The largest perch captured in 
Green Bay was a female with a total length of 14 3 inches (811 milli- 
meters, standard length) and a weight of 26 ounces (737 grams). 
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This which was taken one-half mile south of Marmette, was 
a member of age group Vll There is no recoixi of the gear m which 
the fish was captured Tlie biological samples from Green Bay m- 
cluded a number of older fish but none so large The largest perch 
from Lake Michigan were three females taken off Bailey’s Harbor 
m 4i-’mch-mesh gill nets on March 29, 1938 At capture each 
weighed 28 ounces (794 grams) Tho ages, total lengths m inches, 
and standard lengths m millimeters were as follows ago group VI, 
13 8 mches, 300 millimeters, age group VII, 13 5 inches, 294 milli- 
meters, age group IX, 14 3 mches, 311 millimeters 

TABLE IX 

Ratio or Btandabd Lsmoth to Total I^snoth or Yellow Perch from 
Qrben Bat and tub Beaver Islanp Region of Laju Micbioan 


Interval oj 
etandard length 
tn MiUitnelere 

RaUo of 
itandard length 
to total length 

Number 
of jieh 

140 and leas 

0 844 

67 

160-209 

0863 

657 

210 and more 

0 868 

165 


In the preceding discussion corresponding total and standard 
lengths have been presented without a statement of the relationship 
between the two Measurements of 869 yellow perch made possible 
the determination of the ratios of standard length to total length 
in fish of different sises (Table IX) 

LXNOTB-WIQIGUT RELATIONSHIP 

Although the length-weight data of Green Bay yellow perch 
were tabulated ongmally according to sex and year of capture, the 
variation from year to year in the length distribution of the samples 
and the scarcity of males in some collections made a detailed analy- 
sis unfeasible Data presented here will be limited to the general 
length-weight curve based on a combination of all available ma- 
terials It may be stated, however, that the Green Bay perch tended 
to be heaviest m relation to their length in 1937 and lightest m 1934 
Females were heavier than males of corresponding length in 1932 
and 1938, but were lighter m 1934 Sex differences were negligible 
m 1937 In the combined collections females averaged shghtly heav- 
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ler than males (average coefficient of condition,* Kf of 1 85 as com- 
pared with a coefficient of 1 81 for males over the length intervals 
in which both sexes were represented) 

The lack of sex records for all but a few selected individuals of 
the Lake Michigan collections prevented the determination of pos- 
sible sex difforcnccs in the length- weight relationship of yellow perch 
from that area 

The comparison of weights and coefficients of condition of yellow 
perch from Green Bay and Lake Michigan by centimeter intervals 
of standard length (Table X) reveals that the Lake Michigan fish 
were much the heavier at the lengths represented by adequate 
numbers of individuals This advantage is reflected also in the 
higlier grand average K (2 18 in Lake Michigan, 1 87 in Green Bay) 
To some extent their greater weights may be held to I'epresent real 
differences between the populations, although seasonal and annual 
fluctuations in the length^weight relationship may also have played 
a rdle 

The coefficients of condition of Green Bay yellow perch tended 
to increase with increase in length up to a length of 180 millimeters 
This increase was followed by a decline over the interval, 180-219 
millimeters, and an increase beyond the latter length In the Lake 
Michigan perch the values of K tended to declme with increase in 
length among the smaller fish, but were extremely high at the greatest 
lengths 

The fittmg of parabolas to the length-weight data * yielded the 
following equations 

Green Bay, If « 0 9319 X 10“* L» »» 

Lake Michigan, W • B 8405 X 10“* 

In both equations W » weight m grams and L » length m milli- 
meters 

The solutions of these equations are represented graphically by 
the smooth curves of Figure 2 Comparisons with the empirical 
data reveal fairly good agreement withm Ihe mtervals over which 
the equations were fitted The weights of the longer fish from both 

TV ^ 10* 

■ K - — — > where W • weight m grams and L - length in millimeters 

* The equations were fitted to the average lengths and weights by five-milh- 
meter intervals of standard length 
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TABLE X 

LaMaTH-WBioHT RaLATioNSHip or YbUiOW FmcB nuni Quiin Bat 
AMD Lakb MiOmOAN 


Interval 
of etand- 
ard length 
in milU- 
xnetere 

Total 
length m 
inchea 
equivalent 
to mid- 
point 

Green Bay 

Xsake Michigan 

Weight 

m 

grams 

Weight 

in 

ounces 

1C 

Num- 
ber of 
fish 

Weight 

m 

grams 

Weight 

in 

ounces 

1C 

Num- 
ber of 
6ah 

100-109 

49 

19 

07 

162 

10 


■ 



110-119 

63 

25 

00 

163 

22 





120-129 

58 

34 

12 

174 

30 





iaO-189 

63 

45 

16 

181 

83 





140-149 

67 

58 

20 

188 

44 


Hi 



100-159 

71 

71 

25 

102 

83 

96 


248 

3 

100-169 

76 

84 

80 

191 

100 

104 


230 

14 

170-179 

80 

105 

87 

195 

01 

121 

43 

223 

70 

180-189 

85 

120 

42 

189 

106 

138 

49 

215 

84 

190-199 

90 

136 

48 

184 

110 

157 

55 

211 

50 


94 

157 

65 

184 

117 

181 

64 

214 

44 

210-219 

98 

178 

63 

183 

05 

214 

75 

217 

11 

220-229 

10 8 

207 

78 

185 

43 

261 

92 

226 

0 

230-239 

10 8 

240 

85 

190 

20 





240-249 

112 

288 

10 2 

204 

10 

295 

104 

2 01 

1 

250-260 

117 

KrZifl 

131 

234 


391 

13 8 

228 

3 

260-269 

121 


14 3 

218 






270-279 

12 6 

436 

15 4 

213 






280-289 

131 

624 

220 

267 


473 

16 7 

2 02 

1 

290-200 

18 5 

652 

23 0 

257 


709 

250 

279 

2 

800-809 

140 

508 

21 1 

214 


704 

260 

294 

1 

810419 

14 4 

737 

260 

2 45 

1 

794 

280 

264 

1 

Average 


■1 

■1 



||_g 

llll 



or total 


■1 

■i 

187 

938 



218 

294 


Oreen Bay and Lake Michigan were far greater than those computed 
from the length-weight equations 

At the attainment of Wisconsin's legal length (7^ mches, total 
length, 162 millimeters, standard length) Qreen Bay yellow perch 
bad a wei^t of 2 8 ounces (78 grams) and Lake Michigan perch a 
weight of 3 4 ounces (95 grams). The wei{^ta at 7, 8, and 8| mches 
were 23, 3 4, and 4 1 ounces, respectively, m Green Bay and 2 8, 
4 0, and 4 8 ounces m Lake Michigan. The advantages at the Isdce 
Michigan perch at the three lengths were 0 6, 0.6, and 0 7 ounces. 
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Fig 2 Length-weigbt relationship of yellow perch (sexes combined) from 
Green Bay (circles) and northern l^ake Michigan (tnangles) The solid-line 
portions of the curves represent the range of lengths to which the equations 
were fitted 

BtZB AT MATURITT AND BEX RATIO 

Becordf) of the state of maturity were obtained for the Green 
Bay yellow perch of the 1932 and 1934 collections (The data on 
sexual maturity are baaed on 60 fish from bait neta of 1 j-mch-mesb, 
17 fiah not aged m 1932, and 4 not aged in 1934, m addition to the 
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collectionfl listed m Table I for 1932 and 1034) Practically all 
the males (128 m a total of 133) and 85 0 per cent of the females 
(413 in a total of 486) were mature Males were predominantly ma- 
ture down to a total length of 5 inches A majority of the females 
were immature at all lengths below 7 inches More than half (58 8 
per cent) were mature at 7 to 7i inches, and nearly all were mature 
above the length of 7^ inches It cannot be concluded, however, 
that most female Green Bay perch become mature at 7^ inchc's, 
since the samiiles were taken during the spawning run in 1932 and 
shortly before the spawning run in 1934 Spawning-run samples 
tend to be made up almost entirely of mature fish Unpublished 
data on the Lake Ene perch have demonstrated that the percentage 
of mature individuals at the lower lengths was much higher in spawn- 
ing-nin samples than in samples taken at other seasons These Lake 
Erie data suggest that the length at which a majority of female Green 
Bay perch are mature is most probably greater than 7 to 7i inches 
The data on the relatne abundance of the sexes in samples of 
Green Bay yellow perch were extremely variable The number of 
females per 100 males ranged from 114 in 1934 to 688 in 1932 and 
was 366 for the collections of all the years combined The change 
of the sex ratio with increase in age varied also Males tended to 
becHimc more abundant with increase in age in 1932 (a spring col- 
lection) and 1937 (a fall collection) No distinct trend was ap- 
parent in the data for the 1934 and 1938 collections (both taken in 
the sprmg) The data on the sex ratio of the Green Bay perch lend 
further support to the growing belief that the sexes may be segre- 
gated throughout much of the year 

COMPARISON OF TOE GROWIH OF YELLOW PERCH IN GREEN BAY 
ANl) NORTHERN l^AKE MICHIGAN WITH GROWTH 
IN LAKE ERIE AND SAGINAW BAY 

Studies have been made of the age and growth of the Lake Eno 
yellow perch by Jobes (MS) and of the Saginaw Bay yellow perch 
by Hde and Jobes (see note 1) The data of Tables XI and XII 
and Figures 3 and 4 permit a comparison of the growth of perch 
in length and weight in four Great Lakes regions 

The calculated lengths of Lake Erie yellow perch were consider- 
ably greater than those of yellow perch from other areas of the Great 
Lakes durmg the &rst three years of life The advantage of Lake 
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TABLE XI 

Comparison of Gromih in Lbnoth of Ybluiw Perch from Four 
Arbas op the Great Lakes 


Locality 


Sex 


Calculated standard length in millimeters 

at end of year of life 




1 

2 

3 

4 

5 

6 

7 

8 

0 

T^ke Erie 

Male 

70 

143 

181 

fmi 

220 






Female 

77 

146 

187 

215 

234 

251 






70 

144 

184 


m 





Saginaw Bay 

Male 

05 

114 

166 



250 

275 




Female 

05 

116 

174 

211 

236 

270 

203 




Both* 

65 

115 

170 

EI9 

234 

m 

284 



Green Bay 

Mole 

62 

00 

130 

150 

185 

211 

227 




Female 

01 

00 

137 

173 

197 

228 

251 

268 

302 


Both* 

61 

00 

134 


101 

jgjl 

230 



Nurthwefstern 

Lake Michigan 

Both 

61 

00 

128 

154 

183 

212 





* Unweighted mean 


Erie perch over fish from Saginaw Bay waa reduced from a maximum 
of 29 millimeters m the second year to 14 millimeters in the third 
and 1 millimett'r m the fourth At the end of the fifth year the Sa^fi- 
naw Bay perch were 7 millimeters longer than the Lake Erie fish 
Comparisons of the calculated lengths of perch from Lake Erie and 
Green Bay reveal that the advantage of the Lake Erie perch increased 
from 16 millimeters at the end of the first year to a maximum of 
50 millimeters at the end of the third and then declined to 36 milli- 
meters at the end of the fifth year The advantage of the Saginaw 
Bay perch over fish from Green Bay increased from 4 miHimeters 
at the end of the first year to 46 millimeters at the end of the sixth 
and seventh years of life The Green Bay fishermen seem to be 
correct in their belief that perch grow relatively slowly in the bay, 
although their belief that they grow more slowly m Green Bay than 
in Lake Michigan is m ejrror The calculated lengths of Lake Michi- 
gan perch were less than the lengths of Green Bay fish m all but the 
first year* The greatest difference (12 millimeters) occurred m the 
fourth year 
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Fig 3 Calculated growth in length of yellow perch (sexes combined) Lake 
Ene, — , Saginaw Bay, , Green Bay, , Lake Michigan, 

The legal length of 8^ inches, total length,^ was attained by the 
Lake Ene yellow perch m approximately three years and by the 
Baipnaw Bay dunng the fourth growing season. The Wisconsin 
Bise limit of 7ii inches, total length, was reached toward the latter 
part of the fourth growing season m Green Bay and in the early part 
of the fifth m Lake Michigan In these two localities approximately 
five years were required for the attainment of the length of 8^ inches, 
the sise limit m Lake Erie and Saginaw Bay On the other hand, 
Lake Ene perch reached a length of 7^ inches, the size limit m the 
Wisconsin waters of Green Bay and Lake Michigan, at about the 
middle of the third growmg season, and Sagmaw Bay perch attained 
that length near the end of the third growing seaaon 

* Factors for oonveisionB between standard and total length were dightly 
different in lake Ene, Sagmaw Bay, and Green Bay and Lake Michigan The 
total lengths shown in Figure 3 correepondtng to the various standard lengths are 
the averages of the values determined separately for fish of each of the three areas 
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TABLE XII 


COUPAB10ON or TRV Gnowm in Wsiout of Yblu>w Pbkcb from 
Four Abbas of tkb Great Lakes 

The calnulated eights correspond to the calculated lengths of Table XI 


Locality 


Sex 


Calculated weight in grams at end 
of year of life 




m 

B 

B 

4 

5 

6 

7 

8 

9 

Lake Ene 

Male 

8 

56 

113 

160 







Female 

9 

59 

125 

190 







Both* 

8 

67 

119 

175 

225 





Saginaw Bay 

Male 

4 

25 

82 


233 

328 

395 



Female 

4 

27 

95 

173 

245 

373 

482 




Both* 

4 

26 

89 

165 

239 

351 

439 



Green Bay 

Male 

4 

17 

39 

73 

118 

178 

224 



Female 

4 

17 

46 

96 

144 

227 

tm 

377 

548 


Both* 

4 

17 

43 

85 

131 

m 

266 



Northwestern 











Lake Michigan 

Both 

6 

22 

49 

83 








* Unweighted mean 


With respect to weight as well aa length Lake Erie yellow perch 
were larger than yellow perch from Saginaw Bay during the hrst 
four years of hfe, but were smaller at the end of the fifth year The 
greatest difference (31 grams) occurred at the end of the second year 
The difference between the calculated weights of perch from Lake 
Erie and Green Bay increased progressively from 4 ^ams at the 
end of the first year of hfe to 04 grams at the end of the fifth year* 
Perch from Saginaw Bay and Green Bay had the same calcidated 
weights at the end of the first year In later yearS; however, the 
Sagmaw Bay fish had an advantage ranging from 0* ferams at the end 
of the second year of life to 173 grams at the end of the seventh 
As mentioned previously (p 266), the advantage of Green Bay perch 
over Lake Michigan perch with respect to growth m length did not 
include growth m weight This difference with respect to growth m 
length and weight is to be explamed by the fact that the yellow 
perch of the Lake Michigan population averaged somewhat heavier 
than the Green Bay fish ot corresponding length 
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Fio 4 Caloulated growth in weight of yellow perch (aeme combined) Lake 
Erie, , Saginaw Bay, , Oreen Bay, , Lake Michigan, 


StIUUART 

1 Ages of yellow perch were determined and individual growtii 
hutonea were computed from the examination and measurement of 
the soalea of 752 fish collected m 1932, 1934, 1937, and 1938 from 
the WiBconam waters of Green Bay, and of 276 ydlow perch taken 
from the Wisconsm waters of northern Lake Michigan m 1987. In 
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addition, ages were determined for 90 Green Bay perch for which sex 
records were lacking and for 9 large fish, selected for sice, from both 
Green Bay and Lake Michigan Sex records were lacking for all 
Lake Michigan perch except the large, selected individuals 

2 The numbers of fish employed for other phases of the mvesti- 
gation were length-weight relationship, 938 from Green Bay and 
294 from Lake Michigan, relationship between total length and 
standard length, 869 collected m Green Bay and northeastern Lake 
Michigan 

3 Samples of the commercial catch of Green Bay yellow perch 
were dominated by age groups II, 111, and IV Samples taken by 
experimental gill nets with mesh sices larger tlian those employed 
m the commercial fishery were dominated by age group V The col- 
lections from Lake Michigan were dommated by age group IV 

4 The length-frequency distributions of the age groups of Green 
Bay yellow per(*h exhibited extensive overlap A majority of the 
females had reached the legal size of 7^ inches, total length, at the 
end of four growing seasons, but a majority of the males did not 
attain this length till during the fifth year In the combined samples 
from the catch of commercial gear 30 8 per cent of the perch were 
below the legal length of 7^ mehes The samples from Lake Michigan 
contained only four (1 4 per cent) yellow perch less than 7i inches long 

5 The calculated growth histones of the age groups revealed 
some rather large discrepancies m the corresponding computed 
lengths of yellow perch of the same and different ages The probable 
factors contributing to these discrepancies were mentioned briefly 

6 The general growth data showed that yellow perch of both 
sexes made by far the greatest growth in length during the first year 
of life The growth mcrements of the later years exhibited a dis- 
tinct although an irregular tendency to decrease In the third and 
later years of life the grand average calculated lengths of females 
were larger than the corresponding lengths of males 

7 Green Bay fishermen are m error m their belief that yellow 
perch grow more rapidly m Lake Michigan than m the bay The 
grand average calculate lengths of Lake Michigan perch (sexes 
combined) were less than the corresponding lengths of female perch 
from Green Bay m all but the first year of life and less than the 
correspondmg lengths of male perch from Green Bay m all but the 
sixth year. Perch from Green Bay attamed the legal length of 7i 
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inchoB late m the fourth growing season, those from Lake Michigan, 
in the fifth season 

8 The calculated weights of Lake Michigan yellow perch tended 
to be slightly greater than those of Green Bay perch m correspond- 
ing years of life in spite of the slower growth in length of the Lake 
Michigan population 

9 The relationship between the length (L) of Green Bay yellow 

perch m millimeters and the weight (IF) in grams was TT » 0 9319 
X 10~* L* *** The length-weight equation for Lake Michigan yel- 
low perch was IF - 6 8406 X 10“* In both populations the 

weights of the larger perch (beyond the length intervals over which 
the equations were fitted) tended to be higher than the weights com- 
puted from the equations Lake Michigan perch almost always 
were heavier than Green Bay fish of corresponding length 

10 In samples taken immediately before and during the spawn- 
ing run a majority of the male Green Bay yellow perch were mature 
down to a length of 6 inches and a majority of the females were 
mature at 7 to 7^ mches Spawnmg-run samples, however, tend 
to contain only mature fish, collections taken at other seasons 
probably would first show a majonty of mature females at a length 
somewhat greater than 7 to 7^ inches 

11 The sex ratio of yellow perch in the collections of the differ- 
ent years from Green Bay rang^ from 114 females per 100 males m 
1934 to 688 females per 100 males in 1932 The relative abundance 
of males tended to mcrease with increase in age m 1932 and 1937. 
In 1934 and 1938 no consistent changes were noted m the sex ratio 
with mcrease in age 

12 Comparisons of the calculated growth m length and wei^t 
of yellow perch from Lake Eno, Saginaw Bay, Green Bay, and 
northern Lake Michigan showed the Lake Ene perch to be the 
longest and heaviest during the first four years of life At the end 
of the fifth year Sagmaw Bay perch were longer and heavier than 
the Lake Erie fish The growth of Green Bay perch was distinctly 
inferior to growth in Lake Ene and Sagmaw Bay Lake Michigan 
perch grew somewhat more slowly than the Green Bay perch in 
length but not m weight. 
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HYBRIDIZATION IN NATURE BETWEEN TWO 
GENERA OF FLOUNDERS IN JAPAN 

CARL L HUBBS AND KATSUZO KURONUMA 

A CONSIDERABLE number of naturally produced interspecific 
fiali hybrids, with characters almost uniformly intermediate 
between those of the parental species, have been described, and 
more are constantly bemg discovered (Hubbs, 1940 205-200) The 
great majority of these hybrids are between fresh-water species, par- 
ticularly of the families Cyprmidae (a large literature) and Cen- 
trarchidae (see particularly Hubbs and Hubbs, 1933, and Bailey and 
Lagler, 1938) Among marine fishes natural hybrids are much less 
frequent — perhaps because the ecological niches and the commu- 
nities are more vaned and less ephemeral 

The flatfishes (Heterosomata) of the families Bothidae and Pleuro- 
nectidae, however, resemble the fresh-water fishes m the frequency 
of hybridization between species which are so distinct as to warrant 
reference to separate genera This is in line with ecological expecta- 
tion It IS well known, as the result of many faunal surveys and a 
plethora of fisheries research, that m most northern regions several 
species of flounders often commmgle m abundance over rather uni 
form habitats of sand and mud bottom, m shallow to moderate 
depths The breeding seasons tend to be rather long, and are syn- 
chronous or overlapping for the different species Reproductive 
habits are generalist, it is assumed that the pielagic eggs are fer- 
tilized as they start their ascent toward the surface. The wonder is 
that mterspecific hybrids among the flounders are not n^ore frequent 
Most of the known flatfish hybnds have naturally l^n described 
from European waters The rather extensive literature, cited by 
Norman (1934 266-267, 336, 354-4)56, 366, figs 205, 258), refers 
to the following crosses 

PmOo maxima X rtumbus 

Lmanda hmanda X Plattehthy$ fiuua 
PUUUJUkyB X PUur&ruti$9 ploteisa 
Lmanda lmanda X Pleunmeetea plat«i$a 
Olyptacaphalut eyna^na X Pteuroneem pUUe$ ta 
267 
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Apparently Norman did not mention^ and perhaps did not accept, 
Krause’s (1881) description of one fish as a hybrid between Phteam 
vulgarts and Rhombtta maxtfnua (» Pleuronpctea plaieaaa X Paetla 
maxima) — in current taxonomy an mterfamily as well as an inter- 
generic cross The rather well known hybrid between turbot and 
brill {Paetta maxima X Seophihalmua rhombus) was experimentally 
produced by McIntosh (1893 318-319, pi 4, see also McIntosh and 
Mastermon, 1897 338 340, pi 13, fig 7) Kyle (1903 623-625) 
referred to the same studies, and recounted experiments on the 
production of embryos of the other relatively frequent and well- 
authenticated European flatfish hybrid, PlaHchthya fteaua X Pleu~ 
ronectea plaieaaa That combination has recently been treated in 
commendable detail by Kttndler (1935, 1936) and Pape (1936) In 
reporting a possible hybrid between diverse genera of soles (Austro- 
gloaaua X Synaptura) C'habanaud (1937) has extended the literature 
on hybrid flatfishes systematically to the solaeiform Heterosomata, 
and geographically to Africa and the Southern Hemisphere There 
has been only one report (Nichols, 1918) of a hybrid flounder from 
the western Atlantic, but this specimen, on reexamination by Hubbs 
and Carnck (MS), has been interpreted as a teratological winter 
flounder {Paevdopleuronectes ameriranua) rather than as a hybnd be- 
tween that species and Limanda ferruginea 

To date only one interspecific hybrid combination has been in- 
dicated in the flatfish group for the Pacific Ocean Schulte and 
Smith (1936) and Herald (1941) have convincingly shown that the 
rare fiounder of western North America called Inopaetta lachyra is 
an intergenenc hybnd PUUichthya atellatus is obviously one parental 
species (as the semor author of the present paper has thou^t for 
years) Norman (1934 375-376, fig 271) and ^hulta and DeLacy 
(1936 68) suggested that this flounder might be a hybrid between 
LepidopseUa bdtneeda and PhUichlhya ateUaiuaf but the an^ 3 r 8 i 8 by 
Schults and Smith pomts defimtely to Parophrya vetulua as the other 
parent species 

The published information on interspecific hybrids within the 
Pleuronectidae may be summarised as follows Four combinations 
are reported to occur m European waters (the PaeUa X Scophthal- 
mua cross is withm the Bothidae) and one on the Pacific Coast of 
North America. (We regard all these hybrids as intergenenc ) Some 
evidence for the hybnd mterpretation has been furmahod by the 
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experimental production of embryos of two combinations, but the 
best evidence is circumstantial » In view of the very extensive flounder 
fisheries which have yielded all the presumed hybrids one can feel 
confident that these forms are too rare and too sporadic m occiu*- 
rence to represent self-perpetuating species A large number of 
circumstances, uivolvmg habitat selection, spawning seasons, and 
general behavior, favor their interpretation as interspecific crosses 
The genetic evidence is that the characters all tend to be intermediate 
between those of the assumed parent species, and often variably 
intermediate In all these respect-s they conform with the general 
rules regarding interspecific fish hybrids (Hubbs, 1940 205-209), 
includmg the combinations which have been chnchingly demon- 
strated by experiment 

Another observation of mtorest in connection with the new flat- 
fish hybrid combination described in this paper is that two of the 
four European pleuroncctid hybrids involve PlaitchtkyB as one of 
the parental genera, and the one other accepted combination in the 
family is between PUUtckthys atellatus and another genus and species 
In other groups, too (as m Cypnmdae and Centrarchidae), certain 
forms are particularly wont to hybndiae with other species 

KAREIUS BICOLORATUS X PLATICHTHYS 8TELLATUS 

Durmg his field studies of 1929 m Japan the senior author dis- 
covered that Platichthys ekllatua hybndises with a related flounder, 
Karetua btcoloraiua Smee that tune Hikita (1934 11-15, of English 
section, and pi 2), on the basis of two specimens collected by him 
at Oshoro, Hokkaido, has described this hybrid under the new 
generic and specific name, Paeudoplatichthya oahoremna Hikita's de- 
scnption and his plate, which beautifully portrays a male and a 
female adult m color, correspond m all essential respects with the 
specimens which we have studied Hikita’s statement of the rela- 
tionships of the nommal genus and species is as follows 

This new species is alhed to iToreius biccioraiua and PlalielUhya seellofus, but 
diffoTB flrom the former m the following characters, oranium, clavicle, inter- 
clavide, first interhaemal spine and otolith larger in sise, two lower pharyngeal 
bones separated (a deltoid bone m K btcaiarcUuM), vertioid fins with many b^k 
bars and body with stellated tubercles (homy plates m K Inoohratua), and 
from the latter, body dextrsl (sinistra! in P aMUua), much more bony promi- 
nenoe on cranium, vertical fins with comparatively indistinct black bars and 
fewer stellate tuberdes on body 
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The evidence for interpreting thcee fish as hybrids is again cir- 
cumstantial, but quite convincing m our view All the pertinent 
information which we have been able to derive from our own field 
and museum studies and from published observations harmomaes 
with this interpretation 

The Distihbution, Habitat, and Spawning Season 
OF THE Parental Species 

PUUtchihys BteUaiua and KaretttB btcoloratua overlap widely in 
their geographical distribution (Fig 1), as was well demonstrated 
by the senior author in 1929, when he made frequent collections along 
both coasts of Japan The Pacific species of Pkdtchtkys ranges from 
the outer coast of Santa Barbara County in Southern California to 
the Benng Strait region of Alaska, and thence eastward to Corona- 
tion Gulf near the middle of tlie Arctic coast of Canada, also along 
the Aleutian Archipelago to the Commander Islands, and southward 
from the eastern coast of Kamchatka and the entire Okhotsk Sea 
to central Japan It is not clear from the statements of Andriashev 
(1939 48, 72, 181) whether tlie species ranges northward on the 
west side of Benng Sea to Cape Navarm and the southern part of 
the Gulf of Anadyr The southern Imuts m Asia appear to be as 
follows on the mamland, the vicinity of Gensan, in mid-eastem 
Korea (Chosen) , on the west coast of Honshyd, the Noto Peninsula, 
and on the Pacific side of Japan, probably no farther than Kasu- 
miga-ura (Okada and Ikeda, 1938 120, we suppose that the ex- 
tension of the range to Tokyo, as given by Soldatov and Lmdberg, 
1930 410, and Norman, 1934 384, was based on Tokyo market 
spec'imens shipped from farther north) Karettts btcoloraliis is con- 
fined to Asia, and inhabits the shore waters from the Kurile Islands 
(Chishima), southern Sakhalin (Karafuto), and Peter the Groat 
Bay (Taranets, 1938 121, 129, fig 5), southward to the Inland 
Sea along the Pacific coast, to northern KyUidayd along the eastern 
side of the Sea of Japan, and on the mainland through the Yellow 
Sea to the southern ^ore of the Shantung Peninsula m China The 
overlap in distribution along the eastern coast of the Sea of Japan 
IS thus about 10^ of latitude, and is nearly as much on the two 
other coast hnes of Japan 

The several localities m Japan where the hybrids were secured 
(Fig 2) he withm the area m which the ranges of the two parental 
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Fio 1 Map Rhowtng the overlapping distribution of Karetua hieoloraiua and 
PUUtehthya ateliatua 



Fxa 2 Asiatic localities mentbned m the chart, including those where the 
interspecific hybrids were secured 


species overlap Following is a list of the record stations and of 
the hybrid material obtained. 

Oshoro, Hokkaido' two adult hybrids (reported by Hikita, 1934) 
Plaltehihye and Kareius occur m this region The former is common 
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along the Hokkaido coast, and in 1029 Professor Hikita collected a 
specimen of Karetua at Oslioro for the senior writer 

Matsushima Bay (collection secured in the fish markets at Sendai 
and Shiogama, September 3-7, 1929, field number, H29- 295a) one 
hybrid 236 mm in standard length, collected with five specimens of 
Karetus and one of Plattchthya 

Off Kinkazan (collection obtained m the markets of Shiogama 
and Sendai, September 3-7, 1929, field number H29-295b) 16 hy- 
brids, 191 to 357 mm lung, taken with 10 specimens of Karetna (all 
preserved) and 7 examples of Plattchthya In addition, 370 other m- 


TABLE I 

Size Qboupb ov Japanese Specimens op Htbbid Floundbbs and 
OF THE Parental Species 






Standard length lo miUimetara 



No 

0-49 

ao-90 

100-140 

160-199 

200-249 

260-290 


360-300 

400-440 

JCareiiw bteoloratii* 

2 

11 

11 

38 

11 

2 


2 


83 

Htbbid 

1 

■1 

1 

0 

8 

4 

4 

1 

1 

25 

i*lalwMjkv« utMatu* 

2 

H 

16 

28 

9 

6 

2 
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dividuals of Platichthya were examined fresh to determine that the 
left side of all carried the eyes and color, that stellate prickles were 
constantly developed on the eyed side (though they varied much 
in size and number), and that all had stellate prickles along virtually 
the entire length of the dorsal fin base All but one of the fifteen 
hybrids were found on the dock market at Shiogama as the fish were 
bemg unloaded from small craft, which had been fishing with iegun- 
amt (a type of trawl) Japanese helpers (zoology assistants of Tohoku 
Imperial University, kmdly furnished by Professor Shinkisbi Hatai) 
asked each crew where they had made their catch, and wc thus 
learned that almost all boats fishing at depths of 20 to 25 fathoms 
had caught at least one hybrid It was tiierefore obvious that the 
hybnds were relatively common and well distributed over the trawl- 
ing ground off Kinkazan The hybrid specimens varied widely in 
size (from 191 to 357 mm. in standard length; see also Table I, for 
the size classes of the specimens preserved), and surely represented 
more than one age group Therefore the seventeen hybnds taken 
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m this rpgion m five days cannot be attributed to a single brood 
and are probably not the result of any very local production 

Off Kinkazan (collection obtained in the markets of Shiogama 
and Sendai, September 3-7, 1929, field number H29-295g) one 
large adult hybrid, 427 mm long, taken with three adults of Karetus 
but none of Plattchtkys This series was collected by the iegun-^mt 
boats at a greater depth (about GO fathoms), perhaps beyond the 
ordmary bathymetric limits of Plaitckikya stellattis, which through- 
out its range is essentially an inshore, more or less estuarine fish 
Hachir6-gata, a large brackish lake in Akita-ken, near the coast 
of the Sea of Japan (sample taken m the Akita fisli market, August 
21-22, 1929, field number H29-2G0} one small specimen, of 58 mm , 
taken with eleven specimens of Plattchikya but none of Karetus (both 
genera, however, are nu luded in a collection secured at the same time 
from a trawl fishery operating near by in the Sea of Japan in about 
25-80 fathoms, between Hcnashi-zaki and Oga Peninsula) This 
hybrid specimen, like the others listed below, was not recognised 
as such m the field 

Hachir6-gata, at Funagoshi (collection obtained July 5, 1929, and 
presented to the senior author by the Tsuchizaki Fishenes Experi- 
ment Station, field number H29-262) one young hybnd, 35 mm 
long Apparently the young hybrids tend to follow Plaitchthya mto 
the brackish waters (the young of PUUtdUhya often live m fresh water, 
as do the adults occasionally, even where it is rapidly flowing near 
the mouths of creeks and rivers) The young of Karetus would seem 
to bo more rigidly restneted to salt water 

Sea of Japan, close to Nugata (these fish were found m the Nu- 
gata market August 18-20, 1929, but inquiry was made as to their 
source, field number H29-255) four hybrids, 147 to 171 mm long, 
preserved with eleven specimens of similar sise of Plaitchthya and 
one of Karetua (the ratio of specimens is not significant, smee these 
hybnds were not distinguished m the field) 

Two additional hybnds, 234 and 240 mm long, are m the Chosen 
Fishenes Experimental Station at Fusan They were collected by 
the late Dr. Yojiro Wakiya “somewhere m Japan,” and have been 
studied m Japan by the junior author One of these was reported 
as PbUtcfUhya atellalua (Anonymous, 1936) 

During the collectmg m 1929 Karetua and PUUtehlhya were taken 
together, but without hybnds, in the harbor at Bame-Minato, and 
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on the Pacific coast id Aomon-ken, both near the northern end of 
Honshyfi. Both genera were also captured, though not in identical 
collections, m Toyama Bay in the vicimty of Namenkawa, and along 
the shore of Noto Peninsula These Japanese localities are indicated 
on our map (Fig 2) 

It 18 evident from the field data that there is an overlap between 
the ecological as well as the geographical ranges of Platichihys atelr 
UUua and Karettta btcoloraiua There are indications that the large 
hybrids descend offshore to depths greater than those inhabited by 
PlaivMhySy and that the young ones enter brackish waters which 
seem to be shunned by KaretuB All KaretUB X PkdichthyB speci- 
mens, however, were taken m habitats occupied by at least one of 
the parental species 

Furthermore, there appears to be no temporal barrier to hybridi- 
sation between KarexuB ^cohraitiB and PlcduMhyB Btellaltta Accord- 
ing to the researches of Hikita (1934), the spawning season of the 
two genera (February and March) comcides in tlie waters of Hok- 
kaido Adult males and femalea of both species, taken with 17 hy- 
brids in the vicinity of Matsushima Bay and Kmkasan on September 
3-7, have well-developed gonads, npened to approximately the same 
degree Unfortunately there are almost no available data on the 
precise spawning habits of either parental species 

PossiBLK Partial Fjsrtiuty op the Hybrids 

The well-developexl gonads, the even sex ratio (1 male to 1 female 
in Hikita’s series of two, and 11 males to 12 females m the twenty- 
three half-grown to adult hybrids at hand), and the variable mter- 
mediacy of the characters as shown below, all suggest that the 
Karetua X Plaitckthya hybrids may be at least partly fertile The 
indications that one specimen may represent a backcross with Plat- 
tchthya checks with this idea 

Taxonomic Relationship between Parental Species 

It seems obvious that we are dealing with an mterspecific hybrid, 
for no ichthyologist would deny that Karetua btcoloratua and Pla^ 
tekthya ateUaiua are distinct These species differ in matters of kmd 
as well as degree, and the differences pervade them throughout; m 
the sense of Goldschmidt (1940) they are ^'good species,” with dis- 
tmet "reaction systems ” Whe&er we have before us an mter- 



276 


Hyhndizattm of Flounders %n Japan 

g^ienc as well as an mterapecific hybnd is^ of course, a question that 
involves taxonomic judgment In his excellent systematic revision 
of the flounders Norman (1934 376) has combined Karetus with 
PlatxchihyBf and hence in his view the hybnd under treatment is 
only interspecific We prefer, however, to maintain Karetus Jordan 
and Snyder (1900 379) as a distinct genus — closely related to 
PkAvcMhyB^ to be sure, but perhaps, as most recent authors have 
indicated, with a relationship quite as close to LtoyBcUa In main- 
taming Karnu» as a separate genus we agree with the systematic 
decision expressed in the treatises by Schmidt (1904 243-244), 
Jordan and Starks (1906 220-221), Tanaka (1913 192-195, pi 52, 
fig 198), Hubbs (1915 488), Jordan and Hubbs (1925 300), Sol- 
datov and Lindberg (1930 410), Wu (1932 10 13, 17, 31, 33, 37 38, 
42, 44, 55-56, 62-64, 71, 116-118, figs 1-3, 25), Hikita(1934 10, 
193-197, pi 3, fig 5, and pi 10), Okada, Uchida, and Matsubara 
(1935 242, pi 142, fig 3), Taranetz (1938 121, 129, fig 5), and all 
other recent ichthyologists who have specialized in the study of 
Japanese and Chmose fishes 

That Katttm bteoloraiua possesses very distinctive characters 
has been demonstrated by the authors just cited, and also by Stem- 
dachner (1870b 628-629, pi 2), in his detailed descnption of Pleur 
ronectes sdultfer The treatment by Wu w particularly thorough 
Most of the authors cited have indicated by their descriptions, if 
not by direct comparisons, that Karetus btculoraiuB differs sharply 
from Platichthys aieUatus Excellent figures of Asiatic specimens of 
Plattchihya were included by Soldatov and Lindberg (1930 409-410, 
fig 63), Tanaka (1931 123, col fig 308), Hikita (1934 10,197 201, 
pi 3, fig 4, and pi 11), and Okada, Ucluda, and Matsubara (1935 
243, col pi 143, figs 12), and Okada and Ikeda (1938 120-121,139, 
fig 16).^ We present figures of Karetua bteoloraiua and Plattchtkya 
atellatua (Pis l-II) from the region of Kinkazan and Matsushima 
Bay, where most of the bybnds (Pis II-IV) which we have studied 
were taken 

> In this connection it may be pointed out that Jordan and Starks (1906 218- 
219, fig 19), in their review of the Japanese flounders, copied Jordan and 
Evermanii's (1898 2061-2662, 1900 3311, pi SSI) deseriptiou and figure of Plo- 
ttehthya The same figure, based on an Alaskan specimen, was reoopied by 

Jordan, Tanaka, and Snyder (1918 880, fig. 278) and by Tanaka (1986 268, 
1 fig ) The first descnption, still one of the best, of an Asiatic specimen of Pkd- 
tcAfApi UdUiiuB was that of Steindachner (1870a 421-422) 
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Characters of the Hybrids 

The Karetns X Plattchthys hybrids were recognised as such by 
the circumstance that they resemble both genera in all respects in 
which Karettis and Platichthys arc alike, and are intermediate m all 
characters by which the presumed parental genera differ Some of 
the features (see PI II) were very apparent in the field, but others 
became obvious only after counts and measurements had been made 
and analyzed in the museum Still other trenchantly intermediate 
charactenstuss were not discovered until the siHTinions wc'rc sub- 
jected to closer scrutiny, and until internal characters were dis- 
sected Each new character which has been studied has added 
confirmation to the view that wc are dealing with interspecific hy- 
brids- until, in our minds, the last vestige of doubt as to the cor- 
rectness of this interpretation has been dispelled 

Before contrasting the cross-bred flounders with the parental 
species we wish to pomt out that the hybrids agree with both forms 
in all respects in which they correspond with one another Re- 
ferring to the analytical criteria given by Norman (1934 282-286), 
wc note that the following features (in addition to all characters, 
so far as they are apparent, assigned by him to the family Pleuro- 
nectidae) are all shared by the hybrids with Karettis btcolorains and 
Platichthys atellaius 

Pelvic 6n» Hhortrbamd, HyinmetriCHl, supjiorted by the pelvic boneR 
behind the cleithra, pectoral radiate present Ongin of donal hn 

above the eyes, boliind nasal organ of bhnd side, praecaudal parapophvses 
separate, divergent, hypocoracoid narrowcNl forward below Ijateral lino 

well developcxl on both sides of bedy, olfactory laminae parallel, without 
rachis Mouth smaller, maxillary of ocular side less than ^ head 

Teeth larger, obtuse untsenal 

I'he characters of the pyloric caeca, the lower pharyngeal arch, the 
squamation, and the head tuberculation, introduced by Norman in 
his key to the pleuroncctine genera, are all different in Karetus and 
Platichihys, and hence are dealt with below 

The hybrids also agree with Kareitut and Platichthys in other 
characters, such as those utilized in the key by Jordan and Goes 
(1889 234), which was copied by Jordan and Evermann (1898 
2607-2608) and by Jordan and Starks (1906 165-166) Thus the 
vertebrae and the dorsal and anal rays arc m moderate number * 

* InoidcntAlly, the numbers given for Platichthys by Jordan and bis aseooiates 
are lower than the stated limits for the subfamily to which the geniis was referred 
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(pp 291-294), the lateral Ime lacka the anterior arch and the ar- 
cesaory dorsal branch, and the body (except in the young) is devoid 
of any regular or normal aquamation In correlation with the lack 
of an ordmary mvestment of scales the skin is very leathery 

We conclude that the hybrids share with Kareim and Ploiiekthys 
all known characters that are common to these genera In all the 
numerous features bv which Katetus btcoloraiun and PlalichihyH^ stel- 
laiua have been found te differ the hybrids arc intermediate 

SIZE 

It 18 probable that the hybrids arc of mtermediate size (see meas- 
urements m list of hybrids) They are indicated in Table 1 as aver- 
aging larger than either parental species, but they are no doubt 
smaller in the run than Plattchthys, which is generally regarded as 
one of the largest of the flounders All hybrid spedmens seen in 
the field were preserved, despite their number and rather large size, 
but the specimens of Plaitchthys aiellaius were selected Throughout 
its range that species is often as largo as or larger than the largest 
hybnds When the hybrids were recognized all available specimens 
of Kurema were preserved Hence their smaller average size, as 
compared with the hybrids, is probably significant In his monograph 
on Chinese flounders Wu (1932 118) gave 325 mm as the maximum 
total length for Kareim bucoluratua 

coLon 

Well-preserved material from the vicinity of Kmkazan and Mat- 
sushima Bay (PI II) indicates that the hybnds are not so pale as 
those of Kateiua nor so dark as those of Plalichihya The senior 
writer's field notes on the fresh colors of the hybnds are os fol- 
lows 

They vary from the pale dirty yellowish amber of iCareiusHo the oUve-alaty 
or purplish idaty of PlaHdiihya > The fins often have more yellow or orange 
than in Karetua, as much as in some specimens of Plalichthya though not so much 
as in the exampleB of that genus with the bnghtest fins The fin markings are 
intermediate in that they are smaller and loss black than in Platiehihya aitlUUiUt 
but some hybrids approach that species m this color feature 


* Incidentally, it should be mentioned that the colored figures of the hybnds 
and the parental species which have appeared in the Japanese literature (refei^ 
enoes above) are not true enoui^ m color to indicate the intermediacy of the 
hybnds m this respect 
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The markings on the vertical fins provide the most striking first- 
glance distmction between Kamus, the hybrids, and Plahehikya^ 
and this character gradient is perhaps accentuated m preserved 
specimens (PI II) The fins of the young of KaretuB have faint 
mottlmgs of light and dark, which almost wholly disappear with 
age In PlaitchihyB the fins are crossed by almost jet-black bands, 
which parallel the rays, occur on both sides of the fins, and often 
extend across the dorsal and anal bases onto the otherwise white 
blind Bide of the body, the bands on the caudal fin are similar, but 
UBudly do not reach the base of the fin. In the hybrids these mark- 
ings are smaller and less barhke, and often appear rather as mottlmgs, 
which are dusky instead of black The general pattern, however, 
IS the some, as is the number of markings four to ten on the dorsal 
fin, four to seven on the anal, only a few on the caudal 

TUBERCLES ON THE EYED SIDE 

In the next most obvious external difference between Karmu 
and PbUxehikyB^ namely, the tuberculation of the body, the hybrids 
likewise clearly exhibit their origin This is true for both surfaces 
of the body 

Ttdierckia on ^ Eyed Stde of Karetua 

On the ocular side the tuberculation of Karetua and Platich- 
thya IS enormously different, except m the weakly scaled young In 
Karetua the body in the half-grown and the adult is smooth and 
scalelesB, save for certain rows of tubercles ^ 

1 The most conspicuous of the rough dermal ossifications form 
a dorsolateral row, along the Ime whore the neural spmes and mter- 
neural bonce meet This row (irregular or partly doubled or even 
trebled in some spocunens) is best developed over the trunk and 
varies greatly in thickness and length Its component elements oc- 
casionally appear m port as rounded stellate tubercles, but tend to 
form large rough, bony warts having an outlme reminiscent of 
rhombic ganoid scales A nearly solid elongate mass is often pro- 
duced This row IS rarely lacking m the half-grown fish or the adult. 

* The groBS anatomy and arrangement of the epinuloee oaaeoua plates m the 
adults of Karewa htcolarahu have been described by various authors quoted 
above, m most detail by Wu (1082 10-18, figs 1-3), who also treated t^ hi»- 
tology of these hypertrophied scales Jordan and Hubbs (1026 800) described 
the ontogeny of the aberrant squamation in X'lirsiut 
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2 In ttic ventrolateral row of tuberoleSf extending along the con- 
tact between the hemal epines and the interhemalef the elementa 
are more commonly large rounded spiny tuherrlos, but m some fish 
these tend to fuse or enlarge to resemble the parts of the dorsolateral 
row Not infrequently the ventrolateral scutes are very few, rudi- 
mentary, or even entirely absent The row may be irregular, doubled, 
or even trebled 

3 A senes of elongate bony scutes (rudimentary m some, largo 
and wartiikc m others) is frequently laid down along the narrow 
dermal groove which lies just above and runs parallel with the 
lateral Ime These are often entirely lackmg, even in large adults 

4 Somewhat less frequently similar ossifications occur in the 
corresponding groove just ventral to the lateral Ime These scutes 
of rows 3 and 4 are not to be confused with the more or less en- 
larged stellate tubercles which in Plattchthys form one or more rows 
on either side of and parallel to the lateral Ime, for those tuber- 
cles lie outside the rudimentary grooves accompanying the lateral 
line 

5 A more or less irregular row of stellate tubercles, occasionally 
swollen into bony warts, runs along the dorsolateral edge of the caudal 
peduncle m many specimens These tubercles may be reduced to 
one or a few, and are often entirely lackmg 

6 With less frequency, or to a lesser degree of development, 
similar tubercles form a ventrolateral senes along the colored side 
of the caudal peduncle 

7 One or two such structures are usually evident on the base of 
the pectoral fin 

8 One to several are often fonned just below and behind the 

pectoral fin Groups 7 and 8 are developed in apparent independence, 
for either alone or both may be present In one specimen a single 
tubercle is developed on the side of the breast , 

0-11 Three groups of similar spmy tubercles compnse the squa- 
mation of the eyed side of the head The first set lies on the inter- 
orbital ndge, and m a triangular area immediately behind the ridge 
The second group, along the preopercular margin, is most exten- 
sively developed dorsally The third set covers all or part of the 
operde (but not the subopercle or the mteropercle) The second 
and third groups are more or less eonjomed in some specunens Any 
one ctf the dusters, rardy all three, may be obsolescent Other parts 
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of the hoad, such as the body away from scale rows 1 to 8, arc wholly 
devoid of scales 

No tubercles are ever developed in Kareivs on the body near the 
base of the dorsal and anal rays, or on these rays 

Tvberclcs on the Eyed Stde of Plaltcklhys 

In Platichthys stellatus (beyond the smooth, very younfir stages) 
the squamation differs stnkinglv from that of Karetua htcoloratU8f 
as shown m the various published illustrations of the two species 
as well as in our two figures (PI I) The number and the roughness of 
the characteristic tubercles of Pkththtkys alellattia vary widely at 
each locality, and increase northward on both coasts (the race living 
above Kmkazan and Matsushima Bay, where the adult hybrids were 
obtained, is moderately rough) These structures, which replace 
the scales, are isolated from one another, and are stellate with small 
spmes, hke the less ossified of the plates on Karettia They form one 
to several rows more or less parallel to the lateral line, toward which 
they tend to be enlarged Toward the dorsal and anal fins the 
tubercles become smaller and weaker, and are commonly obso- 
lescent in a wide strip adjacent to the row along the dorsal and 
anal fin bases The scutella are often enlarged in the region behind 
and below the pectoral fins, near the shoulder girdle, and on the 
breast Expanded and, in some fish, more or less fused platelets 
tend to form irregular senes correspondmg with rows 5 and 6 as 
described above for Karetua^ along the dorsolateral and ventro- 
lateral edges of the caudal peduncle Bows 1 and 2, which are char- 
acteristic of KaretnSf are not represented m PUzltchthySf even by a 
clumping or an enlargement of tubercles in a correspondmg posi- 
tion The entire length of the dorsal fin and of the anal fin m Pfo- 
itchthya is accompamed on the body by a row of spmose tubercles, 
which are rather regularly aligned and spaced, one opposite each 
mterradial space (the arrangement may become irregular or even 
partly bisenal near the front of the fins, and a few of the posterior^ 
most tubercles are often rudimentary or obsolete) On the eyed 
side of the head similar stellate scale derivatives tend to be clumped 
m areas 9 to 11, as defined above for Karetua^ but in addition ore 
usually scattered over the cheek and probably always occur on the 
temporal region above the postocular ndge. They are commonly as 
well devdoped on the suboporole and mteroperde as on the operde 
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Tubercles on the Eyed Side of Hybrtds 

The hybrids (Pis III-IV) vary enormously m scutoUation — far 
more than one would expect a species to fluctuate Some are almost 
wholly smoothi a few almost as rough as Plaitchikys But in this 
divergence we see vanously developed the tubercle patterns of both 
Karetus and Plaitchthys The following analysis is based on twenty- 
five specimens, our twenty-three half-grown and adult fish and Hi- 
kita’s two adults (as represented by his exquisitely detailed figures) 
We take up first the nine rows or areas of scutes in Karetus^ as de- 
fined and numbered above, then follow with scale derivatives that 
are developed in PtaJhcMkys but not m Xarctus 

1 Dorsolateral senes — This diagnostic feature of Kareti^ is 
more or less evident in twenty-four of the twenty-five larger hy- 
brids, though it 18 always made up of large stellate tubercles rather 
than bony warts It would seem that the tendency to form tubercles 
IS denved more from Plaitchthys^ but that the location of the senes is 
a Karevas charac tor In nine examples the scutella of tins more or 
less irregular senes are the only ones developed between the basi- 
dorsal tubercles and the lateral line Of these nine, one (PI III, 
Fig 1) has only one tubercle in the senes The eight others (PI 
III, Fig 2) have the senes rangmg from one third to the full body 
length Five specimens comprise an intermediate category, for in 
them the only other tubercles between the dorsal base senes and the 
lateral line are (a) three near the lateral Ime anteriorly, (6) twelve 
following the course of the lateral line antenorly and medially, 
(c) a group between senes 1 and the lateral Ime posteriorly, (d) a 
cluster of eight between series 1 and the lateral line anteriorly, 
and (a) a group of six above the lateral line near the middle of the 
standard length and six others between senes 1 and^the lateral Ime 
postenorly In ten hybnds the dorsal half of the Imdy is more or 
less covered with scattered platelets from near the lateral line out 
to an irregular longitudinal cluatenng that evidently represents a 
positional effect of senes 1 of Karetus In four of these ten there 
are additional tubercles, m varying number, between the antenor 
part of this clustering and the dorsal fin One of the most heav- 
ily tuberculate examples is pictured as Plate IV. The only hybrid 
exhibiting no trace of the dorsolateral senes is very close to Plot- 
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tchthya in squamation and all other characters, and may well be a 
backcross 

2 VerUrolaterdl aertea — The squamation below the lateral line 
of the hybrids is almost a mirror image of that above the lateral 
Imo, except that the tubercles are usually fewer The specimen 
with only one soutellum m senes 1 (PI III, Fig 1) has none over 
the mam part of the body below the lateral Imo Others m the 
first category of nine have as few as three spiny scales m series 2, 
and one of the five in the intermediate category has only one in this 
senes Otherwise the agreement m the dorsal and ventral tubercle 
pattern is close The one specimen (a possible backcross) with no 
trace of senes 1 likewise exhibits no evidence of senes 2 

3-4 Laieral4ine aertea — Traces of these series, diagnostic of 
Karetua though often undeveloped m that genus, were detected in 
ten of the twenty-five larger hybrids The individual scutes romam 
subcircular and small, without the elongation and warty enlargement 
typically seen m Karetua The degree of development is vanous 
two have only one below (that is, m senes 4), three have several 
above (senes 3), one has one above and one below, one has two above 
and two below, one has two above and three below, one has eight 
above and two below, and one has many above and below In the 
hybrids tlie groove in which these plates develop m Kareaua is usually 
indistinct, never well developed, often imperceptible It is barely 
or not at all evident in PlottMiya 

5-6 DoraoMeral and veniroUUefal rowa on the cavdal peduncle 
(extending aomewhat farther forward tn aome apectmena) — It is con- 
sistent with the hybnd interpretation that twenty-four of the twenty- 
five post]uvenile specimens have several to many hard tubercles in 
these two senes, which are commonly developed m Karetua and 
typically evident too in PUxttchihya The one variant m this respect 
18 the possible backcross with Plattchihya mentioned above, it has 
small weak tubercles m the dorsolateral row (5) 

7 Pectoral base — This area, which usually hem one or two 
tubercles in Karetua and a number of generally large ones m PZot- 
tehihya, is naked m the two least-scaled hybnds, but bears from one 
to many scutes in all other specimens of our senes. Hikita's figures 
show no pectoral-base scutes m one specimen, and only one m the 
other 

8 Area juat hdow and behind (he pectoral baae — As would be 
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expected, from one to many stellate tubercles appear in this region, 
m rough proportion to the total number of plates 

9~11 Head tvberelea — In some of the hybrids the head scales 
tend to be restricted to the three regions to which they are con- 
fined m Karetus, but in all except one a few to many occur also on 
the temporal region (at least just above the postocular ridge) and 
on the cheeks, subopercle, and mteroperclc In some the scutes are 
thickly and almost evenly scattered over the head, as in the most 
heavily armored specimens of PUUtehlhys Variable intermediacy 
IB again the diagnosis 

The special scale features of Platichthys are also more or less 
evident in the hybrids As mdicated above and as shown on Plates 
III-IV, the body scutes vary tremendously m number, and are 
sometimes about as well developed as in PUtttchihye In fish with 
many scales, and in some specimens with only a few, the tubercles 
near the mid-linc tend (as m Plaitchthys) to form two series, one 
above and one below, but both definitely separated from, the lateral 
Imc The breast, which bears only one scute in a single specimen 
of Karetua examined, but is covered with enlarged scutes m Plai-^ 
tchthyaj is provided m all the hybrids with several to many large 
tubercles The region just behind the shoulder girdle, and mterven- 
ing between the breast and the pectoral base (always naked in Ka- 
mu6, but well armed in Plaitchthys), is scaleless in four hybrids and 
bears one to many large stellate tubercles in the twenty-one other 
specimens 

In general, the body scutes, other than those of the lateral-line 
senes (3-4), arc either well developed or absent m the hybrids, as 
though a threshold of development were required for their realisa- 
tion This IB usually evident, too, for the stellate tubercles along 
the dorsal and anal bases These are totally lacking m Karetua 
htcoloraiiM, but are developed nearly to completeness in Plattchthya 
^eUatua Instead of all or nearly all being partially formed in the 
hybnds, a variable number are well developed, typically without a 
trace of rudiments, so that each senes ends abruptly postenorly 
(this IB occasionally not true on the eyed side, and is often untrue 
on the opposite side) The mtermediacy seems to be primarily one 
of numbers — of presence or absence m varying proportion The 
situation is different m the PUUtckthya fleeua X Pkuronedea pla- 
ieaaa cross of Europe, m which the hybnds have scales along the 
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fin bases intermediate between the very strongly spmed scales of 
these rows m the Plalickihye and the smooth scales of Pkuronectea 
(Dunckcr, 1805 15-20, figs 6-14, K&ndler, 1035 12, figs 1-2, and 
other authors) The dorsal senes in the Japanese hybnds averages 
longer than the ventral one, and both are usually (*enterc*d near the 
vertical where the body depth is greatest 

In all four series of scutes along the dorsal and anal fin bases the 
number of elements varies beyond any reasonable oxpec^tation for 
a species (Table II) When the scutes are numeious they are gen- 
erally more irregularly arranged than m PkUtchikys They are often 
more isolated from one another and more removed from the fin base, 
especially on the anterior part of the series, and tend to form a 
double row m some specimens (m which case some small scutes 
may encroach on the fin basc^ As a result of this irregularity, the 
scutes of the fin-base row and of the body may more or less grade 
into one another, and the counts, particularly when high, are not 
very precise Tliere is evident, too, a tendency toward a cumu- 
lative increase in the count when the fin-base row is more or less 
doubled anteriorly This is esiiecially true of the basidorsal scries 
and helps to explain tlie overlap between the counts for the hybrids 
and Platichtkya The number of stellate tubercles along the base 
of the dorsal and anal fins, on the eyed side, is almost exactly inter- 
mediate between the numbers developed m the parental species, 
m round numbers the average values for KareinSy hybnds, and 
Plaitchthya are 0, 30, and 57 for the basidorsal senes and 0, 22, and 
40 for the basianal row (Table II) The lesser development <rf the 
plates on the blmd side is discussed below The high positive cor- 
relation in the number of tubercles of the different senes along the 
fin bases and the tendency of those with the high coimts to ap- 
proach Platichthya etelkUna m color and still other features strongly 
suggest backcroBSing between the hybnds and that species 

Small apmy tubercles appear on the longer dorsal and anal rays 
of two hybnds, 35 and 38 cm m standard length, and a single one 
18 developed on a dorsal ray in a 21-cm example No such scales 
could be found in even the largest examples of ^oretus, and, oddly, 
none appear on any of the Plaiichthya specimens from the same 
region (Kmkasan and Matsushima Bay), Probably larger adults 
in northeastern Honshyfi will also be found to develop scutes along 
the fin rays It will be remembered, too, that this race of P aUllalua 
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TABLE II 

Nuhbbb of Stellate Tubercles along Base of Dorsal and Anal Fins 

IN KaSBIVS BlCOhORATU% HtBRIDS, AND PLATICHTHYS HTgLhATVS 

The counts v^ore made only on half-grown and adult sportmena from Japan 
62 of Karetwi bteohraiug, 26 of hybrids, and 34 of Plaltchtkys steliatuA 



Along 
dorsal base 

Along 
anal base 

ToUl 

Eyed 

aide 

Blind 

side 

Eyed 

aide 

Blind 

side 

Number of tiibcrrlea in individual 






hybrids 

10 

0 



18 


7 

0 



18 


11 




* 


11 

0 



25 


22 

0 

■ 9 


34 


19 

0 

■ 9 


35 


19 

0 

99 


36 


19 

9 

99 


49 


29 

3 

■9 

5 

55 


2R 

8 

26 

4 

61 


29 


19 


« 


30 

5 

22 

5 

62 


26 

5 

26 

6 

63 


34 

2 

24 

8 



39 

0 

24 

0 

63 


28 

8 

23 

10 

69 


26 

12 

24 

8 

70 


36 

18 

16 

15 

85 


48 

8 

80 

2 

88 


31 

25 

25 

12 

93 


47 

12 

29 

n 

99 


54 

24 

80 

13 

121 


54 

26 

27 

17 

124 


65 

16 

40 

14 

125 


50 


29 

20 

129 

Limits of vanation 

Karetu$ htcoloralua 

Hybrids 

PlaiidUhyA aieUtUuA 

0-0 

7-66 

62-66 

0-0 

0-30 

43-66 

0-0 

8-40 

33-45 

» 

0-0 

0-20 

30-46 

0-0 

18-129 

170-212 

Averages 

Kareiw husohralui 

Hybrids 

PUUiehikyB ttolZatuf 

000 
30 46 
57 40 

000 
896 
62 39 

H 

mm 


000 

68 01 
18816 


* Data taken from Hikita (1934 pi 2) 
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18 only moderately rough In an example from Muroran, typical 
of the more n^;;ose Hokkaido race, some scales of this sort line a 
fevv of the dorsal rays^ and such scales are well developed on both 
dorsal and anal fins of specimens from southeastern and south- 
western Alaska — both representing roughly tuberculate races 
Apparently these scales are always confined to the eyed side 

TURKKOLKB ON THK BUND BIDE 

The complete iutcrmcdia(‘V of the hybrids (as individuals when 
all characters are considered and as a group when any one featun* is 
taken into account) is particularly well shown by the scutellation of 
the uncolorod siu'face of the body and head The mode of inherit- 
ance of species charactc^rs is also illustrated very int^en^stingly Con- 
sequently this matter is subjected to a rather extensive an^ysis 
(Table HI) 

In the development of the dorsolateral and ventrolateral rows 
(1 and 2) of tubercles on the blind side of some specimens, the hy- 
brids, in the light of the data, do not seem to be intermediate 
Traces of the stronger, dorsolateral, row (1), diagnostically de- 
veloped on the ocular surface of Kamtis, appear on the blind side 
in a few specimens of this genus, but no trace was found of the 
ventrolateral row (2) on the unc^lored surface of any Nor does 
any trace of these rows appear on either side of Plattchthys Most of 
the hybrids have, on the blind side as well as on the ocular surface, 
at least a trace of the dorsolateral scutes, and six of the twenty-three 
examined have the ventrolateral row represented on tlic uncolorod 
Bide What appears to have happened is that the hybrids have 
inheritied from PUdtehthys a tendency to form tubercles on the 
lower surface, and from Kamna the pattern of developing scutes 
in particular areas They may be said to be genotypicidly but not 
phonotypically mtermediate Of course, we have in mind that 
the flounders remam potentially symmetrical throui^out hfe The 
bnnging out on the blind side of the hybrids of the scutellar char- 
acters normal to the eyed surface of one parental species reminds us 
of the well-known capacity of flounders to develop pigment on the 
normally white side, when the lower surface is subjected to illumma- 
tion (Cunmngham, 1891 , Osborn, 1940) 

The slight development of the lateral-lme tubercles of row 3 and 
the lack of row 4 on the blind side of the hybrids reflect the esreum- 
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stance that these scutes, though diagnostic of Karexus^ are often 
wanting or rudimentary on the eyed side It le m general true in 
species hybrids that characters which are undeveloped m one parental 
form and rudunentary m the other (like the nunute barbel of many 
Amencan cypnnids) tend to be lacking in the hybrids 

Rows and groups (5~11) of tubercles which are developed on the 
blind Bide in both parental genera, though to a different degree, are 
also well expressed in the hybrids The general squamation of the 
uncolored surface of the body and of the caudal peduncle, lacking 
m Karems but developed in PUUtchihys^ is either absent or present 
in the hybrids, in about equal ratio However, in the usually coarse 
tuborculation on the blind side of the pectoral base and the region 
just below and behind this fin base, and of the breast and the strip 
just behmd the shoulder girdle, the h>brids resemble Plaitchikys 
more closely than they do Karetus 

The most striking divergence of the hybrids from a position of 
exact intermediacy lies in the number of tubercles develofied along 
the dorsal and anal fin basics (Table II and Fig 3), on the blind 
Bide of the body On the eyed side tlio number of basidorsal and 
of basianal tubercles is almost exactly mtermediate between the 
zero development in Karetus and the almost complete development 
(one for each fin ray) in Plattchihys On the uneolored side of the 
hybrids, however, these tuberculations are often lackmg, and on 
the average are only one sixth as numerous as in Plaitchthya The 
greater approach to Karetus may be explained as due to the addi- 
tive effect of two genetic factors (1) the general tendency among 
flatfishes for such structures as tubercles to be less well developed 
or lackmg on the blmd side and (2) the gene or genes responsible 
for the total lack of these tubercles m Karetus 

NUMBER OF VERTEBRAE 

Smee the dorsal and anal rays and the lateral-Ime i^res of Karetus 
bieohraius outnumber those of Plattchihys stellatus (Table IV) and 
smee the number of fin rays and vertebrae is positively correlated 
in flounders (Kftndler, 1036 13-14, 19, Townsend, 1937 08-102, 
fig. 1), as m most other fishes, we looked for a difference between 
these species m the number of vertebrae Tliat there is an average 
difference m the expected direction and that the hybrids are again 
mtermediate seems to follow from the available data (see p 291) 



TABLE III 

DmrsLOFiniNT or TrasEOLUB ojf tub Blind Sidb op Sfbgibb and 
Hybridb of Floundbrb raoM Japan 


The counts were made on 62 apecimens of iiTarMus longer than 100 mm , 
23 of hybrids longer than 146 mm , and 27 of PUUichthys longer than 170 mm 


Tuberdes 

JComus 

Hybridb 

PUUtehthya* 

Row 1 (dorsolateral) 




Wholly lacking 

54 

6 

27 

1 or 2, minute to medium 

4 

1 


Few, nidimente^ 


1 


Many, rudiments^ 


6 


6, minute 

1 



4 or 5, small to medium 


2 


10 to 20, mmute to small 

3 



10 to 30, medium 


9 


Row 2 (ventrolateral) 




Wholly lacking 

62 

17 

27 

1, medium 


1 


11-18, small to medium 


5 


Row 3 (just above lateral Ime) 




Wholly lacking 

67 

23 

27 

1-8, small and rounded 

4 



Series, small and elongate 

1 



Row 4 (just bdow lateral hne) 




Wholly lacking 

62 

23 

27 

Row 5 (upper edge, caudal pedimde) 




Wholly lacking 

66 



1 or 2, minute to medium 

6 

1 


Few to many, rudiments** 


5 


Few to many, medium to large* 


11 

27 

Many, large above and small bdow * 


6 


Row 6 (lower edge, caudal pedundo) 




Wholly lacking 

62 



Few, rudiments^ 


2 


Many, rudiments** 


4 


Few to many, medium to large* * 


12 

27 

Many, Imge Mow and small above 


5 



■ The speeimena of Phiushthyt used for this table were selected from those 
collected in northern HonshyO, smee the Hokkaido race is much rougher 

^ The rudimentaiy nature of these tubercles is probably due to incomplete 
ontogeny, for the specimenB bo featured are among the smallest studied 

• AUowanee was made for apparently incomplete developinent m smaller 
Osh In some of the larger specimens, espemally on the ventral edge of the 
peduncle, most of the tubercles are weak M liie tubercles in Platuktiiya he 
on the edge of the peduncle there is no accompanymg series of smaller embedded 
tuberoles m line vnth rows 1 and 2 

^ The small tuberdas, mostly or all embedded^ extend forward a varying 
distanoe on the body u tiliough comprising a dssoonneeted postmior part of the 
doreolateral and ventrolateral rows (1 and 2) of the body 

* Often with some smaller ones above 
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Tubercles 

JCaretua 

HTBRinS 

PlaMUhys 

Group 7 (pectoral base) 




Wholly lacking 

62 

6 


1-4, small to large < 


17 

27 

Group 8 (behmd and below pectoral) ■ 




WhoUy lacking 

62 

3 


Uudimentary 



2 

1-6, medium to large 


20 


2-many, medium to large 



25 

Group 0 (opposite mterorbital region) i 




Wholly lacking 

62 

9 


Slightly developed 


13 

2 

M^erately developed 


1 

9 

Well developed 



16 

Group 10 (preopercle) 




WhoUy iackmg 

02 

13 

1 

Slightly developed 


0 

9 

Moderately developed i 


1 

16 

Well developed 



2 

Group 11 (opercle) 




WhoUy lacking 

62 

14 

1 

Slightly developed 


8 

21 

M^erately developed 


1 

5 

Suboperclo 




Wholly lacking 

62 

19 

19 

Slightly developed^ 


4 

8 

InteropercJe 




WhoUy lacking 

62 

19 

6 

Slightly developed^ 


3 

12 

M^erately developed * 


1 

9 

WeU developed 



1 

Temporal region 




Wholly lacking 

62 

16 

6 

Slightly developed i 


7 . 

16 

M^erately developed J 



7 


< At least one of these tuberoles u large in each specimen except in a few of 
the smallest ones, m which the tubercles do not appear to be fully developed. 

■ This group often grades into the one (7) on the pectoral base, into those 
of the aides of the body, and into those along the shoulder girdle Ilie distinc- 
tion of these areas is arUtrary 

^ Either a few hard tubercles or many rudiments are developed 

I Btther a few large stellate tuberoles or a few small yet hard ones. 

J These tuberoles are mostly clustered just above the postooular ndge 
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TABLE III iCondvdeO) 


Tubercles 

Karetut 

HTBaiOB 

PlahchtkyM 

Cheeks 




Wholly lacking 

62 

22 

13 

Slightly developed 


1 

11 

M^erately developed 

Sides of body^ 



3 

Wholly lacking 

Few to many rudiments, or few, large 
and very thin, or^ 1, large and 
rough, with or without rudiments 

02 

11 



12 


Usually many " large rough tubercles 




along lateral lino antenorly, usually 
with rudiments or tubercles outward 



27 

Sides of caudal peduncle and often region 




just in advance thereof 

Wholly lacking 

02 

11 


Few, embedded rudiments 

Medium number, embedded rudiments 
Many rudiments (mostly emludded) 


10 

0 


2» 

18 

Few to many, rough near lateral hne, 




many rudiments outward 



7 

Many, rough, over peduncle 

Breast region 



!• 

Wholly lacking 

Medium numiier, rudiments 

Few to many, large 

02 

2 



21 

27» 

.hist iiehind shoulder girdle 




Wholly lacking 

62 

8 


Few, rudiments 


1 

4 

1-few, large (often with rudiments too) 


14 

23 


^ Thu urea excludes rows and groups 1-8 and the shoulder girdle, the breast, 
and the caudal peduncle, and the region ^ust m advance thereof 
' In two specimens only 

One specimen has a single large tubercle on either side of the lateral line 
anteriorly, another has only a few aliove and a medium number below, all 
others have many rough tubercles 

» One of these two specimens u the one earlier indicated os a probable back- 
cross, the only hybrid with no trace of rows 1 and 2 

** Thu is a oommon type farther northward on both sides of the Pacific 
r The breast u almost completely covered by large rough tuberdes m some 
specimens, and bei^ rudiments as well as large scattered tubercles in others 
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Number of vertebrae recorded for Kareau btoolomftu 

11 + 26 - 37 (Wu, 1932 17 — ChtneM nwterul) 

1 1 + 27 38 (three ooutite, two from specimenB * trawled near Kmlcaean, 

and one from the figure by Hikita, 1934 pi 10, fig 2, based on the skeleton 
of a fish from Hokkaido) 

Number of vertebrae in hybrids 

11 + 26 37 (two counts, from specimens coUeoted near Kmkasan) 

Number of vertebrae in Plal%chihy% ateUatuB 

12 + 23 » 36 (Jordon and Goss, 1889 227) 

34 (count given by Jordan and Goss, 1889 296, and frequently repeated) 

11 + 25 M 36 (from Hikita, 1934 pi 11, fig 2, based on the skeleton of a 
specimen from Hokkaido) 

34 to 37, with mean at 36 3 (Townsend, 1936 19, based on 239 specimens 
from Washington and Aloska) 

11 + 24 M 36 and U + 26 » 36 (in two specimens from near Kmkasan) 

The average numbers of vertebrae aa determined from all the 
available data are 

Karetua htcoloratm 37 75 

Hybrids 37 0 

PUUtchthya atellatm 35 3 

O'rHIbR COUNTS AND MLASUKEUKNTB 

The intermediary of the hybrids is further indicated in every 
large senes of counts and measurements that was made (Table IV) 
The relative position of the arithmetic means for each count and 
measun'ment is stated and graphed in Figure 3 Each average value 
for Karetua is computed as Q, and for Plaiichihya as 100, and the 
mean for the hybrids is located on this percentage scale, by a value 
which may be known as the **hybnd index ” If the index is 60 
per cent, the hybrid is exactly intermediate in this character, if 
the index w 26 per cent, the hybrid is three times closer to the one 
parental species (in this case Karetua htcoloratua) than to the other 

A glance at Figure 3 will show that the hybrids tend to be m- 
termediatc m ail characters, though the deviations of some of the 
mdices from 60 per cent (exact intermediacy) is large The un- 
weighted average for the fourteen characters thus analysed is com- 

> One of tlieM Bpecimetw poeeemed a ■ynosUMW of the vertebral column 
definitely approaching that figured by Wu (IIM 68, fig. 30) for Feroeper 
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VALUE FOR EXACT VALUE FOR 

KA/t£ m INTEHMEOlACr PLAVChTHYS 

0 10 20 30 40 50 60 70 80 90 100 


Basioorsal Scutes EycoSiDC 
Basidorsal Scutes Blind Side 
Basianal Scutes Eyed Side 
Basianal Scutes BlindSide 
Pores Lateral Line 

Dorsal Rays 

Anal Rays 

P Rays, Eyed Side 

P Rays, Blind Side 

Gill Rakers 


p 

17 

• 


1 

— 

%» 

1 

<S 



— 

Depth Body 

Depth C Peduncle 

Length, C Peduncle 
Percentage of Reversal 






¥ 

V 

6 

¥ 

? 


1 


Average 

■ 

■ 

1 

■ 


1 


■ 

■ 

■ 


Fig 3 Chart Rhowmg, for all Rtatiatically analysed tharaeterH, the average 
valuea (“hybrid indices”) for the Karetut X Platu!hthy9 hybrids, on a per- 
centage flcale in which the averages for Karexui are set at 0 and those for 
PkUidUhya at 1(K) 


puted as 47 7 per cent, which indicates that in the ensemble of 
charactenstics these hybrid flounders are almost exactly intermediate 
between their parental species 

Since none of the frequency curves on which Table IV and 
Figures 3-4 were based show any obvious bimodity, it is virtually 
certain that the presumed hybrids are not a mixture of aberrant ex- 
amples of Karetua and PUUtchthya Of course, such a mixture could 
give a hybnd index of about 50 per cent for any given chara(*tor, 
and for all characters, but the specimens intermediate in one re- 
spect would not be likely to be so m other features The individual 
hybnd flounders here under treatment tend 16 be intermediate in all 
characters, as may be seen by inspecting Table IV and Figure 4 
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Plausible reasons can be assigned for the wide deviations of ror- 
tam of the hybrid characters from exact intermedia(*y The greatest 
discrepancy, that for the number of basidorsal and basianal scutes 
on the blind side, has been explained (p 287) os probably due to 
the additive effect of two genetic tendencies Deviations less than 
10 per cent may well be due to chance, and even greater deviations 
may not be significant, particularly when, as in the case of the 
pectoral rays, the means for the parental species are fery close 
We are tempted to suggest that the relatively low number of 
dorsal and anal rays m the hybrids (which causes a greater resem* 
blance to Plaiichihya than tn Karetua) may be due to heterosis, smee 
hifi^ metabolic rates often seem to be related to a low number of 
segments (Hubbs, 1926). We note, however, that the hybrids m 
the Baltic Sea between PUdtchihya fieaua and Pkuronectea ^dateaaa 
have vertebrae and fin rays averaf^ higher than the mean value 
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between the parental species, therefore approaching tlie Pleuronectes 
parent more closely than Plaitchihya (Kftndlcr, 1936) Perhaps the 
most logical explanation is that m Japan the hybrids arc back- 
crossing with Plattchihys, m the Baltic Sea, with Plcuronectea This 
would be in line with the apparently greater abundance of PkUtch- 
thya in the region of Japan where most of the hybrids were found, 
and of plaice on the flatfish grounds m Europe 

The fact that the hybrids approach PUUtrhihys more closely in 
the proportionate measurements may have resulted from some back- 
crossing, but probably has little significance The adults m these 
flounders have deeper bodies and deeper and longer caudal peduncles 
than the young, and Plattehtkya differs from in the same di- 

rection The fact that the hybrids average large (since all were pre- 
served) suffices to explain their closer resemblance to PlattchthyB 
The various deviations of the hybrid index from 60 fluctuate 
from the high to the low side, so that the average index, as noted 
above, is close to the line of exa(*t intermediacy 

POSTOCULAB BIDQB 

We have by no means come to the end of the list of characters 
in which the interspecific hybnds arc intermediate between Karetua 
hicoloratiM and Plattchihya afeUafus The postocular ndge is another 
of these features In Karetiia this bony structure is more prominent 
than m Plaitchlhya because it is free of scales, broader, flatter, and 
much more roughly sculptured with ridges and tubercles In PlcUtch-^ 
thya the ridge antenorly is t}rpiGalIy more or less covered by strong 
stellate tubercles, and is relatively narrow and smooth, its posterior 
end, however, rises in a rather trenchant keel or winghke tubercle 
(flattening with age) In all these respects the postocular ndges of 
the hybnds range almost fn>m the one extreme to the other, and 
almost all specimens very obviously exhibit intermediate or com- 
bined charactenstics 

LOWBR PHABYNGBALB 

The lower pharyngeal arches and their dentition (Fig. 5) pro- 
vided a sinking confirmation of the hybnd inteipretatjon, which 
we had postulated from earlier field and laboratory studies In 
the northern Honahyfi race of Platiditkya ateUaiua ^ pharyngeal 
arches and teeth are less modified than m other members of the 
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LxopBeUa group with which Phitchihyz is generally associated (as 
by Jordan and Goss, 1889 234, Jordan and Evermann, 18£^ 
2607-2608, Jordan and Starks, 1006 165-166, Hubbs, 1015 486, 
and Norman, 1934 286) The bones are united antenorly for only 
about half their length, and each one is not much more than one 
fifth as wide as long, and the teeth are less broadened and molari- 
form than m Karexua As is well indicated by Wu (1032 116, 
fig 25), the massive lower pharyngeals of Karexus are united for 
almost their entire length into a nearly solid mass, having the out- 
line of an isosceles triangle and being provided with large molars 



Kar^iuJi Hybrid 

Fig 5 Lower pharyngeal itones and teeth in Japaneee 
hybrids, and PlatiekthyB 




IPlaiyMhy^ 

specimenB of Kareiun^ 


As shown in Figure 5, the arches and teeth of the hybrids are defi- 
nitely intermediate in all respects The hybrids show considerable 
vanation m the intermediate shape of the lower pharyngeals 

AUMENTAllY CANAL 

The intermediacy of the hybrids penetrates into the visceral 
anatomy Ciontrary to a key distinction used by Norman (1034 286), 
the pyloric caeca differ in Karetua bieoloraitis and in the Jap- 
aneee form of Platxchihyi ateltaius In this race there occur 3 -f 1 
(raiely 2 + 1 or 3 + 0) caeca, in line with Norman's count (1034 
46-47, 284, fig 28), whereas m Kareiua hxcohratua, as in Plalr 
xchfhya fieaua (Norman, 1034 377), there are2 + 0or3 + 0 
c4ieca The three appendages at the pylorus m the Japanese type 
of Phdxckthya are in definite positions (A) one at the outside of 
the pylonc bend is always well developed, finger-like, (fi) one on 
the inner pylonc curve, and toward the eyed side of the body, m 
usually almost as well developed, occasionally rather small, (C) one 
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TABLE rv 

Counts and Mbabukbusnts or Kabbius atcoLondTus, Htbrids, and 

PLATICHTHYa 8TBI.LATUS 

The BpoGimens, all from Japan^ have a sise range shown in Table I The 
data on baRidorsal and basianal scutes are taken from Table II, those on per- 
centage of reversal, from Table V For the other characters all available speci- 
mens (listed in Table I) were utilized The data are graphed m Figure 4 



Kareiua 

Htbbidb 

PhUiehthya 

Counts 

Bamdorsal scutes, eyed side 




Extreme range 

0-0 

7-66 

52-65 

80 per cent in range* 

(M) 

11-60 

58-62 

Average 

0 00 

SO 48 

57 40 

Basidorsal scutes, blind side 




Extreme range 

0-0 

0-60 

4066 

80 per cent in range 

0-0 

0-10 

47-60 

Average 

0 00 

8 06 

52 39 

Basianal scutes, eyed side 




Extreme range 

0-0 

8-40 

38-45 

80 per cent in range 

(M) 

11-20 

87-43 

Average 

0 00 

21 52 

30 70 

Basianal scutes, bbnd side 




Extreme range 

0-0 

0-20 

3(M6 

80 per cent in range 

0-0 

0-13 

33-42 

Average 

0 00 

6 48 

38 67 

Basidorsal plus basianal scutes 




Extreme range 

0-0 

18-120 

170-212 

80 per cent m range 

0-0 

34:-124 

170-104 

Average 

0 00 

68 01 

188 10 

Pores in lateral hne (from opposite upper 
angle of gill opening to base of 
caudal fin) 




Extreme range 

65-85t 

67-76 

61-76 

80 per cent in range 

71-80 

60-74 

65-72 

Average 

76 61 

71 56 

07 48 

Dorsal rays (last ray double) 




Extreme range 

68-76t 

57-65 

52-60 

80 per cent m range 

06-72 

60-64 

66-61 

Average 

68 20 

61 60 

58 58 


* The phrase '*80 per cent in range" needs explanation The figures con- 
stitute a range including at least as many specimens as the number nearest 
80 per cent of the total, after the most extreme variants have been deleted 
t Similar counts are given by Wu (1082 117) for Chinese matenal of Kamtu 
bieohnUua 
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TABLE IV {Continued) 



KarevuB 

Hybiodb 

PUUtchikyB 

Anal rays (Ib^ double) 




Extreme range 

40-64 1 

43-51 

36-48 

80 per cent m range * 

48-62 

43^ 

39-45 

Average 

49 75 

45 16 

42 02 

Pectoral rays, eyed side 




Extreme range 

9-13 

0-13 

9-12 

80 per cent tn range 

n-i2t 

10»12 

10-12 

Average 

11 61 

11 44 

11 03 

Pectoral rays, blind aide 




Extreme range 

8-13 

10-12 

9-12 

80 per cent in range 

11 - 1 2 t 

10-11 

10-11 

Average 

11 28 

10 88 

10 54 

Gill rakers on drat arch (mean of both 
aides) 




Extreme range 

6 5-10 6 

8 6-11 0 

9 0-13 5 

80 per cent tn range 

7 5-9 0 

0 0-10 6 

11 0-12 5 

Average 

8 36 

9 84 

n 64 

MsiAsuRBiiXNTe XN Honokbidthb or 
Stamdaud Lkngth 

Depth of body 




Extreme range 

31W4 

42-56 

46-61 

80 per cent in range 

48 n 60 

46-51 

49-56 

Average 

47 00 

40 44 

51 63 

Least depth of caudal peduncle 




Extreme range 

9-13 

10-12 

9-13 

80 per cent in range 

10-12 

11-12 

10-12 

Average 

10 76 

11 26 

11 64 

Length of caudal peduclet 




Extreme range 

7-12 

8 r -12 

8-13 

80 per cent m range 

8-10 

10^12 

9-12 

Average 

0 24 

10 42 

11 21 

Pbrcsntagb op RuvimaAn 




Number counted 

83 + 

27 

476 

Percentage 

0 

62 

100 


t Measured along the nud-line from the eaudai Immo to a hue joining last 
rays of doraal and anal fina 
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on the same curve, but toward the blind Bide, is always Bmallest and 
may be much reduced (lacking in one of about twenty specimens 
examined) In Karetus these caeca arc in corresponding position 
and are developed in the same size gradient, but are almost always 
shorter and blunter, typically the two mam ones (A and B) are 
mere rounded protuberances at the pylorus, but A and sometimes 
both A and B are occasionally finger-like, in which case C may be 
developed as a minute to small evagmation In the Japanese Plal^ 
ic^thya a fourth finger-like caecum (D), rarely very short, is de* 
veloped (with rare exceptions) from the intestme, at some distance 
from the pylorus and along the line where the mesentery is attached 
No correspondmg structure is evident m the specimens of J^areius 
dissected There are other differences in the alimentary canal In 
the Plaitchihys there is a greater differentiation between stomach 
and mtestmc, the mtestme has a thinner wall and a smaller caliber, 
and it 18 more coiled, one loop lies between the pylorus and the 
body wall on the blind side of the fish m the Plattchthy6f but not in 
Karetua The general characters of the intestine as well as the caeca 
of Karetua were mentioned by Wu (1932 31, 33) 

In the hybrids these characters of the alimentary canal, like all 
other known differential features, are mtermediate The caeca at 
the pylorus number either two or three, but at least a trace of the 
smallest one (C) is usually developed The two main caeca are 
variably developed, and average smaller than in the PUiixchthya but 
larger than m Karetua The caecum (D) on the mtestme vanes from 
imperceptible to moderately well developed The mtestmal characters 
of thickness, caliber, length, and degree of coding are also transitional 

The North Amencan forms of Plaltchthye ateUatua, at least 
those from central California, southeastern Alaska and the Alaskan 
Peninsula, usually have pyloric caeca more like those of Karetita 
btcolaraiuB or the hybnds than those of the Japanese races of PUU- 
tchihya ateUatua The number is usually 2 + 0, occasionally 3 + 0 
or 3 + 1 Caeca A and B ordmardy vary from rounded elevations 
to short finger-like processes, caeca C and D when developed are 
TudimenUry or very short 

Bins BBABlNG XY 13 COLOR 

In some ways the most mteresiing feature m which the hybnds 
are intermediate is the side which bears the eyes (Tables IV-V). 
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For an unknown reason, m northern Japan PlatichthyB steUatua 
seems always to settle onto its ngbt side, so that the left side comes 
to bear the eyes and color This constitutes a 100 per cent reversal, 
for the ilatfishcB of the family Pleuronectidae, to which PbUichihya 
18 clearly referable, are normally dextral Suustral mdividuals are 
unknown in many pleuronectids, and m most others are so rare as 
to be thought of as teratologically reversed in asymmetry This 
subject was treated at some length, with references, by Norman 
(1934 27-29) and Gudgcr (1935) Both authors quoted our dis- 
covery of the uniform reversal of PUUichthya m Japan, as well as our 
preliminary and mexact estimate of the degree of reversal m Cali- 
fornia and Alaska 

A large array of published and original data (Table V) indicates 
(1) that PkUiMhya is particularly subject to reversal throughout 
its range, (2) that the percentage of reversal is a regional and racial 
character, and (3) that the race of southwestern Alaska seems to 
represent mtergradcs, m this respect at least, toward the regularly 
reverscKl Asiatic races The variation in PUdichikya fleaiis ot Europe 
is great and irregular (Dunckcr, 1900 339-340, Berg, 1932 3-7, 
Norman, 1934 28) On the west coast of North America, from 
central California to southeastern Alaska, the percentage of reversal 
m PUUtchihya ateUatua ranges irregularly from 49 to 00 About 
Kodiak Island and the south shore of the Aleutian Penmsula 68 per 
cent are reversed For populations from the Benng Sea, Aleutian and 
Kamchatka regions, the data are too tenuous for safe estimates* 
Only in northern Japan are we confident that all-smistral races exist 
Their subspecific nomenclatonal status remains to be determmed 

Karetvs btcoloraiua seems to be regularly and perhaps invariably 
dextral (that is, normal for a plouronectid). Wo have only eighty- 
three specimens on which this statement has been checked, but most 
of the authors quoted earlier have described Karetua as dextral, 

* The oounts for “Kodiak Island and the Aleutian Peninsula’' m Table V 
include one dextral and one sinisir^ specunen fnun Akutan Island near the base 
of the Aleutians, and three rights and five lefts from Naknek on Bristol Bay 
Scofield (lS99«fiOQ) recorded four specimens, all sinistral, from Port Clarence, 
near Benng Strait, Alaska (two of these have been reSxamined), but Rendahl 
(19S1 19) reported three dextral and seven sinistral speehnens from the same 
looahty and Benng Island (of the Commander group, off Kamchatka) Three 
examined from Kamchatka are sinistral Sev^ counts from Hokkaido, all 
sinistral, are included with those from Japan In his study of flounders firom 
Hokkaido, Hikita (1934) des<n4bedP2a<mMky« as sinistral Most of the 476 counts 
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without a mention of reveraed specimenfi, and all published figures 
(see p 275) show the right side colored Wu (1935 116-118) spe- 
cifically stated **yevix k droite” and listed twenty-three specimens 
from Chma as having been examined 

The twenty-seven known hybnds between the dextrail Karetus 
hicoloratm and the mvariably reversed (smistral) Japanese races of 
Plattchthya stellaitis are as nearly equally divided as is possible in 
respect to the side beanng eyes and color thirteen are dextral and 

TABLE V 

Data on thb Hide Bearinq Ktss and Color in Certain Flounders 

Based on the counts published by Ixickington (1879 03), Scofield (1890 500), 
and Townsend (1937 94-97), and on original da^ 



Number of 

Percentage 

Speem and locahly 

apeemena 

reversed 

PlaHchIhys atettatim 

examined 

(eintefrol) 

Cahforma* 

509 

552 

Oregon, outer coast t 

65 

49 2 

Columbia River mouth f 

225 

604 

Washington, outer coast t 

247 

563 

Puget l^und t 

8,972 

516 

Southeastern Alaska! 

2,498 

582 

Kodiak Island and Alaska Peninsula || 

5,129 

68 0 

Japan f 

476 

1000 

Hybnds, Kareius X Plaiiehikys f 

27 

52 0 

Karema htedhrataa t 

83-1- 

00 


* Counts ongmal, plus 284 from Lockmgton (1879 93) as quoted by Town- 
send (1037 90) 

t Counts all ongiiud 

i Counts mostly furnished by the late E Victor Smith, supplemented by the 
figures of Townsend (1937 97) and by a few ongmal counts 

{ Counts original, mostly furnish^ through l^e kindness of Earl E Ohmer 
11 Data mostly from Townsend (1987 97), supplemented by numerous counts 
kindly made for us by Allan C DsLacy, and by a few other original determinsr 
tions 


given for northern Japan were based on specimens from Matsushima Bay and 
off Kinkasan (where most of the hybrids were secured), but a considerable num- 
ber of the determinationB were made on specimens from various points Uuough- 
out the known range of the species in northern Japan (p 270 and Figs l'-2) 
All published figures (see p 275) of Amatio specimens show the left side colored 
A dextral indi^ual of FloficUkps was mentioned m a report of the Chosen 
Fishenes Expenment Station, but when refixamined by the junior author, this 
specimen proved to be a hybrid. 
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fourteen are sinistral This is clear confirmation for the assump- 
tion, based on geographical variation, that reversal of sides is an 
hereditary phenomenon, perhaps involving, as does the direction of 
chilling in snails, some sunple Mendclian segregation The interest- 
ing point in connection with the present discussion is that the hy- 
brids are more or less precisely intermediate between the panmtal 
species in this developmental character, which seems to have, as its 
dctermmmg source, some fundamental peculiarity of the nervous 
system in the postlarvac 


Summary 

Numerous natural hybrids between 8peci(*s and even genera of 
fishes are known I'bese are mostly from fresh Rater, but oc( ur also 
in the sea In line with ecological expectation certain flatfishes 
(Heterosomata) are particularly wont to hybridize In the Bothidao 
and Pleuroneetidae there are n'cognized five interspecific hybrids in 
Europe and one m Western North America All of these combina- 
tions arc regarded by us as mtergcnenc 

A new interspecific flatfish hybrid, Karetus hicoloratus X Pla- 
itcklhys stcUaiuSy is recognized, from Japanese waters Like other 
natural hybrids m this and other families of fishes, it is intermediate 
in all characters and highly variable m some respects Its rare and 
sporadic occurrence also suggests its interpretation as a hybnd, and 
the available information on the geographical distribution, habitat 
selection, and breeding season of the presumcjd parental species m 
Japan is quite m harmony with this view It is suspected that the 
hybrids may lie partially fertile Karetvji is regarded os generu^ally 
diBtmct from PlattchikySf though closely related 

The hybrids agree with Karnus and PkUtehthys in all features 
which these genera have m common, and are more or less precisely 
intermediate in all characters in which the genei;a disagree The 
features m which the hybrids are variably intermediate pervade 
the whole organism, and mclude size, general body color, and the 
markings on the fins, the complex arrangement, the number, and 
the degree of development of the modified squamation (l)ony plates, 
stellate tubercles, and rudimentary scales), on l>oth sides of the 
body, head, and fin bases, the numbers of vertebrae, of lateral line 
pores, of dorsal, anal, and pectoral rays, and of gill rakers, the 
depth of the body, and the depth and lengA of the caudal peduncle, 
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also such internal differences as the shape and strength of the pha- 
ryngeal arches and teeth, the number of pylonc caeca, and the di- 
ameter and degree of coiling of the mtestme, also the percentage 
of reversal (that is, of smistral individuals) Like nearly all plou- 
ronectids, KaretUB is doxtral (with eyes and color on the right side), 
but Platichthya m Japan is invariably reversed Of twenty-seven 
hybnds, thirteen are dextral and fourteen are smistral 

Not considering ordinal and family characters, which are of course 
hdd in common, we find at least twenty-one features, regarded as 
of subfamily or generic significance, m which the hybrids agree with 
both parental genera In sixteen of the respects m which Karnua 
and PMtrJUhys differ the hybnds are intermediate but closely similar 
to both genera In no fewer than seventy compansons the two pa- 
rental genera are more or less trenchantly different, and the cross- 
bred fish are intermediate In two of these compansons the hybnds 
seem unlike either parent, for on the blind side they often have 
dorsolateral and ventrolateral scale rows which do not appear on 
this side of the body m either Kareiua or Plaitchthys These rows 
are present, however, on the eyed surface of liComus, so that m these 
exceptional features the hybnds may still be regarded as genotypi- 
cally mtermediate In one or two respects only the hybnds resemble 
one parental genus exclusively in that they lack characi(>rs which 
are developed, but to only a nidimontary degree, m the other parent 
The number of scutes along the bases of the dorsal and anal fin, on 
the ocular side of the body, diverge greatly from an exactly inter- 
mediate number, owmg, we think, to the additive effect of two 
genetic tendencies — the factor responsible for the complete lack of 
the structures in Karetm and the general tendency m flatfishes for 
the rough sc^es to be more or less obsolete on the unpigmentcKl 
side In the ensemble of all statistically analysed characters the 
average hybrid index is 47 7 per cent, on a scale in which 50 per 
cent denotes exact intermediacy 

UNtVBBBITT or MlGRlOAN 
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PIJVTE 1 



Fiq 2 PltUtckUiya MieUaiut, from a specimen 227 mm in standard length, 
typical of the race occurnng off Kinkazan 
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PLATE III 





I'M* 1 The HiniKitheHt hybrid {hanius X PUittehthyit)^ with only a huikIo tubercle 
111 the (lorwoluterHl row, an adult 287 mm in Htandard leng;th, from olT Kiiikaran 



Fia 2 A Aaretufl X Platiehihya hybrid with a moderate number of tubercles* chiefly 
disposed in the dorsolateral and ventrolateral rows* on adult 361 mm in standard 
length, from off Kmkasan 
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PLATE IV 



One of the moiit heavily tuberculate hybnda, an adult 320 mm in etundanl length, 
from off Kinkasati Both eyed and blind sidee are ehuan On the blind side the 
tuberclee are mostly confined to the dorsolateral and ventrolateral rows and to 
the upper and lower edges of the caudal peduncle 



THE AGE AND GROWTH OF THE LAKE 
ERIE WHITE BASS, LEPIBEMA 
CHRYSOPS (RAFINESQUE) 


JOHN VAN 008TEN 
I INTBODUCTION 

ALTHOUGH *tbc natural range of the white' baas extends from 
New Brunswick and Minnesota southward througli the St 
Lawrence River, the Great Lakes region, the Ohio and Mississippi 
valleys to the Gulf of Mexico, the greatest concentration occurs in 
the Lake Ene drainage In Lake Ene the species is restneted largely 
to the wfbtem end m Ohio waters, which yielded 92 per cent of the 
lake's commercial production (727,300 pounds, valued at $42,926) 
m 1938 (Only 8,400 pounds were pr^uced in the other Great 
Tjakes m 1638 ) More than three fourths of the Lake Ene catch is 
taken in the spnng, mostly dunng tlie spawning period of the species 
m May and June About two thirds of this production is cau^t by 
trap nets 

The available annual statistics of the commercial catch (Table 
1) reveal no evidence of a progressive decline m the abundance of the 
white bass m Lake Erie, although the yearly production shows con* 
siderable periodic fluctuations Some of the figures suggest cycles 
of abundance, a senes of three good years being followed by four 
years of low yields Had the production of the years 1927-26 been 
high and of 1638 low, the cycles would have been consistent and 
uniform during the 2(^year period The factors mvolved m the 
fluctuations of the catch are c^cult to determine The cycles aug* 
gest that some natural cause ei^rted the dominating influence 
Very httle has been published on the age and growth of the fredi* 
water white bass Hile (1631) aged nme individuals collected from 
three Indiana lakes Thompson (1637) aged ten specimens taken 
from the Rock River of Illinois An anonymous article in The Oh%o 
CimmvaHm RvIIefm, Apnl, 1639, contains data on 017 white bass 
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collected in upper Sandusky Bay in Lake Enc in July and August, 
1938 Of these fish 560 were aged Eddy and Carlander (1939) 
summarised very briefly the ages of 69 white bass taken from several 
Mmncsota lakes Published statements indicate that the species 
may reach a maximum length of 18 inches and weight of 3 pounds. 

TABLE 1 

Pounds or White Bars Produced Annually by the United States 
Commercial Tishermen op Lake Erie from 1013 to 1038 


Year 

pounds 

Year 

Pounds 

Year 

Pounds 

1013 

611,817 

1023 


1034 

687.700 

1014 

478,210 

1024 

181,617 

1035 

730,300 

1015 

603.537 

1025 


1036 

1037 

663,000 

435,100 

3-yetir 

averoRe 


1020 

167,732 

561.188 

1927 

121,124 

1038 

727,800 


342,780 

332,778 

1028 

285,170 

5-year 


1916 

1029 

155,327 

average 

660.660 

1917 

7-ycar 

average 




1018 

1010 

128,072 

193,347 

204.726 







4-yeftr 






average 

_240,460_ 


483,606 





IVoU 



1920 

504,444 

1031 

418,100 



1021 


1032 

252,605 



1922 

821,307 

1033 

304,400 



3-year 

average 

722.141 

4-year 

average 

387,248 

26-year 

average 

426,278 


11 MATERIALS AKD METHODS 

The materials used in this study were collected at several Lake 
Ene ports in Ohio and at Ene, Fennsylvama, in the years 1927-29 
(Table III) A total of 1,869 white bass was aged, and 4,904 fish 
were used in the study of longth-weight relationship The Ohio 
specimens were taken in trap nets, the Pennsylvania fish, m pound 
nets All length measurements recorded m millimeters and made 
with a steel tape and all weights recorded m ounces were obtmned 
from fresh fish m the field DetermmationB of sex and stage of 
maturity were made for only part of the fidi collected Ages are 
expressed by roman numerals and represent the number of annuli 
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found on the scales Measurements of the projected images of the 
scales were taken along the anterior radius 

A study of the relationship between the length of the body and 
the magnified radius (scale X 40 7) of the scales used for the com- 
putation of growth was undertaken to deteimine whether or not 
there was a necessity for correcting the direct-proportion calculated 
lengths and, if such a correction was required, to find the method 
that would give the most accurate calculations of growth 

The data were grouped into five-millimeter standard length in- 
tervals and the average body length, average scale measurement, 
and body-scale ratio (L/Sc) determmed for each interval according 
to age and for all ages combined It was foimd that the L/Sc ratio 
tended to decrease (scale became relatively larger) not only as the 
length of the fish increased within an age group, but also as Hie age 
of the fish increased withm a size group Only the data for all ages 
combined arc given m Table II These showed a distinct tendency 
for the L/8c ratio to decrease with an increase in the length (and 
age) of the fish This progressive mcrease in the relative size of the 
scale makes necessary a correction of the direct-proportion calcu- 
lated lengths to obtam accurate results 

The method for correctmg the direct-proportion computed lengths 
was determined by plotting the averages of standard length and 
scale measurement of each five-millimeter length mterval on co- 
ordinate paper and fittmg a straight line to these data over the 
range represented by twelve or more individuals m each mterval 
(range 110-244 milluneters, standard length) A line having an 
intercept on the ‘Mength’’ axis at 24 and a slope of 1 08 was found 
to fit closely the plotted data over the range to which it was applied 
(Fig 1) The plotted values for length mtcrvals that mcluded fewer 
^on twelve fish likewise deviated but little from the straight Ime 
The direct-proportion calculated lengths for age ^croups I, II, 
and III were corrected by the following formula 

whore Ln oorrectod leasth at end of year n, 

L ■■ standard length at capture, 

Ih - average direot-i»oportion calculated 
length at end of year n, 

24 ■■ point of intercept on '‘length” axia 



TABLE II 

Booy-Scala Rslationbhip {L/iSe) or 1,868 Laxs Ema Whits Bam Ab- 

RANOXP ACCORDING TO TBS AvBRAOB STANDARD LbNGTHB BaBBO ON FtTS- 
MituiiBTBR Intbbvalb, WITH All Aob Oroupb Combinbd 


Average 

standard 

length 

Average scale 
measurement 
(X40 7) 

Average 
L/Se ratio 

Number of 
fish 

97 2 

65 9 

147 

4 

102 0 

78 3 

130 

3 


80 5 

133 

4 

112 0 

818 

137 

13 

117 5 

866 

1 33 

32 


023 

133 

46 


06 0 

132 

52 

132 0 

100 5 

1 31 

60 

187 0 

104 7 

131 

40 

142 0 

1104 


61 

146 0 

1144 


67 

152 2 

118 6 


76 

1570 

121 1 


01 

1610 

127 8 


142 

166 6 

130 2 


126 

1718 

134 7 

128 

150 

176 7 

130 6 

127 

124 

1816 

143 0 

127 

83 

186 4 

147 6 

126 

68 

102 0 

154 7 

124 

66 

106 9 

158 7 

124 

70 

2020 

166 0 

121 

88 

206 6 

1700 

121 

60 

2120 

174 4 

122 

74 

216 6 

180 0 

120 

67 

222 1 

1821 

122 

40 

226 6 

189 4 

120 

31 

2314 

1020 

121 

28 

236 6 

106 9 

120 

20 

2418 

2012 

120 

12 

246 2 

2100 

117 

0 

2510 

2074 

121 

0 

255 8 

2210 

116 

4 

2610 

216 7 

120 

8 

267 0 

214 5 

124 

2 

278 5 

227 8 

120 

2 

277 0 

1 

1 



282 5 

254 4 

1 11 

2 

2862 1 

2458 

1 16 

5 

2017 

2660 

110 

8 

2060 1 

250 7 

114 

1 


Weighted average 1 90 
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f It ite lit ttt tit itt 

mrrtitt ttttut or ttAtt ttiofi 

Fio 1 Body-noals ralationship (Ii/iSo) of the Lake Erie white bate The two 
broken vertioal linei indicate the length range over which the etraight line 
waa fitted The dote are baaed on the averagee of Table II (See text for 
further explanation ) 

The use of average direct-proportion calculated lengths in the 
formula is vahd, smoe lengths computed by direct prdportion are in 
effect scale lengths, and theur use makes unnecessary the recalculap 
tion of individual growth histories 

The corrected calculated lengths for age groups IV, V, VI, and 
VII were obtamed from the computation of mdividual growth histo- 
ries, smce each (ff these age groups contained very few mdividuals 
and the use averages m^t mt^uce errors 

I am greatly mdebted to all the monbers of my staff for valuable 
asalstance rendered m the preparation of this paper. 
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TABLE III 

Aon CoBiPoamoM op trs Individual and Coubindd Sampugs or Lakb Ebud 
Whitb Bass Colubctsd in 1027, 1928, and 1929, Uanu roR the Study 
or Agb and Growth 


Number of flih in age group 


ooUention 

iiocaiiiy 

D 

i 

11 

111 

IV 

V 

VI 

Vli 

O-VII 

Oot 12, 1027 

Sandusky, Ohio 

m 

366 

4 






381 

Oct 21. 1927 

Veriniliou. Ohio 

2 

7 







9 

Oct 24, 1927 

Sandusky Ohio 


19 







10 

Oot 31, 1927 

Sandusky, Ohio 


30 

1 






31 

Nov 6 1027 

Sandusl^, Ohio 


17 







17 

Nov 0. 1027 

Sandusky, Ohio 


27 

1 






38 

Nov 14. 1027 

Sandusky, Ohio 


51 

2 






53 

Nov 21. 1927 

Bondusl^, Oluo 

8 

14 







17 

1927 


10 

531 

8 






555 

Percnntftgo composition | 

29 

96 7 

14 







Aug 10. 1928 

Huron. Ohio 


22 

05 

1 





118 

Aug 15. 1928 

Huron Ohm 


13 

80 






40 

Aug 28, 1928 

Huron. Ohio 


40 

115 






161 

Sept 5. 1928 

£ne. Pa 


35 

136 





2 

173 

Oot 8. 1928 

Ene Ptt 


18 

80 

1 

1 


1 

2 

103 

1988 



134 

462 

2 

1 


1 

4 

604 

Foroentuge composition 


22 2 

766 

03 

02 


02 

06 


July 1, 1929 

Huron, Ohio 


205 

26 

41 

2 



H 

275 

Aug 14, 1920 

Lorain, Ohio 


291 


2 





393 

Sept 30, 1029 

Erie, Pa 


36 

2 

0 



2 

1 

50 

Oot 15. 1029 

Erie, Pa 


4d 

10 

16 


1 

1 


70 

Oct 21, 1029 

Erie, Pa 


16 

2 

4 





22 

1020 



591 

30 

71 

2 

1 

3 

8 

710 

Peroeutage compoiiUon | 


832 

65 

10 0 

03 

m 

04 

04 


1027 to 1920 


16 

1,286 

509 

73 

3 

1 

n 

7 

1,869 

Percontiige oompoation | 

09 

67 2 

27 2 

39 

02 

01 ' 

m 

1^1 


III AGE COMPOSITION AND LENGTH FREQGBNCIBB 

The age composition of the individual and combined samples of 
the Lake Ene white bass is given m Table 111 It is apparent that 
the samples of any one year are comparable irrespective of the date 
or the place of coBection In 1927 nearly all (96 7 per cent) the fish 
belonged to age group 1 (year class 1926) O^y 16 individuals out 
of 566 belonged to age group 0 and 8 to age group II (year class 1926) 
It would be of mterest to know why older fidi were not taken. 
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In 1928 no 0-gn)up specimens were captured m the samples, 
either at Huron, Ohio, or Ene, Pennsylvania, and only 8 fish out of 
604 were older than II The 1920 year class as Il-group fish still 
dominated the catc h with a percentage of 76 5 Age group 1 (year 
class 1927) compnsed 22 2 per cent of the samples In 1929, how- 
ever, the 1926 year class (age group III), although nearly twice as 
numerous as the 1927 brood, constituted only 10 per cent of the 
catch The l-group fish (1928 year class) dominated the samples 
with a percentage of 83 2 Again the O-group was absent, and only 
9 specimens out of 710 belonged to the older age groups (IV-Vll) 
The data show, then, that the 1926 year class was much stronger 
numerically than the 1925 or the 1927 year class, and that the 1928 
brood was more abundant than the 1927 Attention may agam be 
called to the fact that the 1926 year class also dominated for several 
years the Lake Ene catch of yellow perch, walleyed pike, blue* pike, 
saugcr, and shecpshcad (Van Oosten, 1038) 

In general, it may be stated that everywhere m Lake Erie the 
white bass population is composed of young fish Apparently very 
few individuals survive bc'yond their third full year In spite of the 
presence of the strong 19^ year class in 1929, only 4 7 per cent of 
the 1,869 white bass studied were older than three yeara, a few reach- 
ing their Gightli summer That the paucity of old fish is due to m- 
tensive fishing cannot be asserted with certainty, although the 
three- and four-year-old white bass are still in the midst of then fast- 
growing |)enod of life (p 319), which fact would seem to vitiate any 
assumption that ihv lll-group fish had completed their life span 
Further, the majority of the fish do not begin to sjiawn until they 
reach the age of three years (p 329) 

The length frequencies of the white bass (sexes combined — no 
great differences existed between them) taken in the fall of the year 
(September 3Q“November 21), when the last summerle growth was 
virtually completed, are given m Table IV An examination of the 
frequencies of age group I (the only group with sufficient number of 
specimens for comparison) for each year of collection separately 
showed that the range of lengths of the Ohio and Pennsylvania 
specimens was the same, but that the eastern fish averaged about 
ten miltimeters longer than the western It is beheved, however, 
that a combination of the samples of all years gives a fairly accurate 
picture of the lenglh distnbutions of the age groups 
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TABLE IV 

lAKCVrH-FKBQVSHCT BlffmiBTmON OF TBS liAKB KeIB WhITB BASB AOOOBOINa 

TO Aos Oboups and Tbk^Millucxtbr Intskvals or Standabd Lonotb 
(Based on a Combination or Samples Secitiibd Oct ll^-Nov 21, 1927, 
Oot 8, 1928, AND Sept 3(M)ot 21, 1929) 



Equivalent 

1 



Age group 

















1 


length in 

mid-pomt, 
total length 
in inches 






H 



1 0 -vn 

millimeters 

0 

I 




0 

VI 

VII 

Num- 

Peroent- 







1 



bw 

W 

70-79 

37 

n 




s 

■ 



1 

01 

80^9 

42 

■1 





■ 





90-99 

47 

B 








1 

01 

100-109 

52 











110-119 

56 

11 








11 

14 

120-129 

61 

3 








3 

04 

130-189 

66 


1 







1 

01 

140-149 

71 


9 







9 

1 1 

160-189 

76 


53 







53 

86 

160-169 

81 


178 

4 






182 

228 

170-179 

86 


228 

8 






231 

289 

180-189 > 

91 


114 

2 






lie 

U5 

190-199 

96 


40 

3 






49 

61 

200-209 

101 


12 







31 

39 

210-219 

10 6 


3 


1 





32 

40 

220-229 

11 1 


1 







21 

26 

230-239 

116 




4 






25 

240-249 

121 




10 





14 

18 

260-269 

12 5 



2 

9 





11 

14 

260-269 

13 0 




5 





6 

06 

270-279 

13 5 





1 


1 


2 

02 

280-289 

1 14 0 






1 1 

3 


6 

08 

290-299 

1 14 5 






1 


1 


01 

ToUl 

B 


B 


lZ 

LL 

4 

B 

m 



The lengths ran^d from 75 to 295 mdllmetere, standard length, 
or from 3 7 to 14 5 inches, total length The mode of the combined 
samples occurred at the standard length of 175 milhmeiers (8 0 
inches, total length), and corresponded with the mode of the I*-group 
fish The average aise of all fish was 9 inches, total length, and 87 
per cent of the white bass varied between the 7 1* and 11 l-inoh 
length mtervala Approximately 62 per cent of the individuals taken 
m the impounding nets were below Ohio’s legal sise lumt of 9 inches, 
total len^ 
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XV GBOWTH IN LIBNOTH AND WEIGHT 

Only the 1029 collections provide data on the differential growth 
of the sexes In 1927 all the mature white bass that were sexed were 
males, and sex could not bo determined with certainty in the im- 
mature fish None of the 1928 specimens was sexed A comparison 
of the standard lengths, weights, and computed lengths of 263 males 
and 229 females of age group I collected at Huron (four fish not 
sexed) and Lorain, Ohio, in 1929 showed very slight differences be- 
tween the sexes At both locahties the females averaged 2 milli- 
meters longer than the males at the end of the first year of life, and 
the average standard lengths and wights of the females exceeded 
those of the males by 2 and 4 millimeters and 0 11 and 0 28 ounce 

Greater discrepancies existed between the loss well represented 
sexes of the 11- and Ill-group fish (24 and 41 specimens, respectively) 
In each group the females averaged longer and heavier The dif- 
ferences ranged from 6 to 13 miUimeters and from 0 9 to 1 6 ounces 
However, the grand average calculated lengths of each sex of all age 
groups combined (285 males, 278 females) differed by only 1 and 2 
millimeters in the first and second years of life and by 11 milhmeters 
m the third The most adequate data mdicatc, then, that the fe- 
males are only shghtly larger than the males at corresponding ages 
A study of growth may, therefore, be based on the combined figures 
of both sexes 

An examination of the average standard lengths of the fish of 
each age group for each date of collection mdicated that no seasonal 
growth occurr^ after the middle of October The growth data col- 
lected m 1927 (see dates m Table III) may, therefore, be combined 
for all dates for each age group The I-group fish taken m 1928 at 
Ene, Pennsylvama, increased theu* average standard length 24 nulh- 
meters from September 5 to October 8, and the ll-groilp mdividuals 
increased it 11 millimeten. Similarly, during the penod July 1- 
October 21, 1929, the I-group white bass of Lake Ene apparently 
grew 61 miUimeters, the ll-group 39, and the Ill-group 22 To 
compare the actual lengths and weights of the fish captured m the 
three years and at different localities it is necessary that only the 
materials collected m late fall be employed, smee the 1927 data were 
iakm late m the season (Table V) Comparisons may also be made, 
however, for other seasons, provided that the dates of collection are 
approxtmately the same. 



TABLE V 

QB LbNOXH, WXIOHT, AND COKmCUCNT OF CONDITION (1!0 OF THE \OE GSOUPS OF LaKE EbIB WhITE BaBS 
COIXBCTBD IN THE LaTB FaLL OF 1927, 1928, AND 1929 


316 













































































The Lake Erte White Baas 


317 


The data of Table V indicate that the white baas of corresponding 
age groups averaged considerably smaller at Sandusky, Ohio, than 
at Ene, Pennsylvania For example, Ohio’s minimum legal size 
limit of 9 inches, total length, was reached m the third summer of 
life by the Sandusky specimens, but at the end of the second summer 
by the Ene fish A comparison of the I-group fish taken m August 
(Table VI) shows that the specimens captured at Lorain, Ohio, m 
1929 averaged smaller than those taken at Huron, Ohio, in 1928 
It was also observed that age groups I and II taken at Huron in 
August, 1928 (Table VI), averaged larger than those collected at 
Ene in September, 1928 (not shown separately m Table VI) It 
appears, then, that no consistency exist^ed in the discrepancies in 
the average lengths and weights of the fish from the two ends of 
Lake Ene 

It may likewise be seen from Table V that the I-group fish cap- 
tured at Ene in October, 1928 and 1929, agreed extremely well with 
respect to length and weight, but that the I I-group individuals dif- 
fered widely m the two years — the 1928 specimens were the smaller 
These inconsistencies m the average sizes of the fish collected m the 
different localities or at approximately the same time in different 
years suggest that no differential growth obtains among the white 
bass as the result of inhabiting various sections of the lake 

The observed discrepancies in the average sizes of the fish col- 
lected in different areas or years are in part the results of a differential 
growth of the year classtss, as indicated by the data of Table VI In 
this table the computed lengths and other information concerning 
the larger collections arc arranged accorduig to year classes It is 
to be noted that each younger year class shows an improvement in 
computed growth at all locahties The 1925 year class is probably 
not well enough represented to be considered The first year’s 
growth increased progressively from a grand average* of 90 milli- 
meters in 1926 to 99 m 1927 to 107 in 1928 Whether this change 
had any connection with the unusual abundance of the 1920 year 
class (p 313) IS not known, but other investigators have found a 
relation between growth and density of population At wiy rate, 
the small average size of the Sandusky fish is accounted for by the 
relatively slow rate of growth of the 1925 and 1926 year classes A 
similar explanation will account for some of the other discrepancies 
referred to above (p 317) It is posmble, however, that the Huron 
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TABLE VI 

BtAMDABD AMO CoMPTmBO IdOMOTHB OF THB LaKB EkiB WlOni BaBB OF THU 
liARGBfi COOUBCriOMB ARRAMGEO ACCOKDIMG TO YSAR CliABBIBa 


-JO 

M 

Locality 

Year and period 
of coUocUun 

Hum- 
ber 
of fiah 

Stand- 
ard 
length 
(mm ) 

Computed 
length at 
end of year 

1 

2 

3 

1935 

11 

Bauduaky, Ohio 

Oct 12 Nov 14. 1927 

8 

169 

90 

136 


1026 

I 

Sondiwky. Ver- 









milion. Ohio 

Oct 12 -Nov 21. 1927 

531 

171 

91 




11 

Huron. Ohio 

Aug 10-28, 1928 

246 

206 

90 

100 



11 

Erie. Pa 

Sept 6-Oet 8, 1928 

216 

210 

89 

161 



111 

Huron. Ohio 

July 1. 1929 

41 

226 

92 

164 

232 


III 

Erie Pa 

Bept aOOot 21, 1929 

28 

248 

88 

162 

210 


Grand avorage and total 

1,062 


8 

165 

221 

1027 

I 

Huron, Ohio 

Aug 10 28 1928 

81 

165 

98 




1 

Erie, Pa 

Sept 5-Oct 8, 1928 

53 

167 

99 




U 

Huron Ohio 

July 1. 1929 

25 

194 

IQJ 

182 



II 

Brio Pa 

Sept 30-0rt 21, 1939 

14 

230 

93 

176 



Grand average and total 

173 



180 


1928 

_ 

Huron Ohio 

July 1, ItlSH) 

206 

128 

116 




■1 

Lorain Ohio 

Aug 14 1929 

291 

149 

102 




■1 

Ene, Pa 

Sept SO-Ort 21, 1920 

95 

181 

104 




Grand average and total 

501 


m 




fiah actually gicw somewhat faster than those of corresponding ages 
from Lorain and Erie 

It may also be observed from Table VI that with few exceptions 
the comparable calculated averages agi^ee fairly well within a year 
class, irrespective of the age group, locality, or date of collection 
that IS involved These agreements substantiate the suggestion made 
above that with respect to grow'th the Lake Ene population of white 
bass is probably homogeneous Further, m studying the computed 
growth of a year class the dates of collection may be ijpiored and the 
growth materials combined 

To obtain a general picture of the growth m length of the T^aka 
Ene white bass we may combine all of our caleulated*growth mar 
tenals for each age group and for all age groups (Table VII and 
Fig 2) The white bass exhibits a typical growth curve which rises 
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TABLE VII 


SUHMABT or TBS AvURAOE CaLCOTATED LenOIBB AMD ImCBEMBNTB OF liBMOXn 
roE Each Yeah or Lira or the Lake BShie WRin Bam Columied im 
1927, 1928, AMD 1929 


Age group 

Number 
of fish 

Standard 
length 
(mm )* 

Calculated length (mm ) at end 
of year of life 

1 

2 

3 

4 

6 

D 

7 

0 

16 

112 








1 

1,256 

159 

99 







II 


207 

90 

166 






III 

78 

236 

90 

163 






IV 

8 

260 

100 

174 


241 




V 

1 

286 

111 


249 


279 



VI 


288 

102 




266 

27S 



mU 

289 

103 


230 

255 

268 

276 

283 

Grand averages 










and total 

1,869 


96 

166 

221 

252 

268 

276 

283 

DiiTerenoes between calculated 








lengths (increments) 

f 

96 

70 

55 

31 

16 

8 

7 

Equivalent total lengths in inches 


m 


12 4 

13 2 

13 6 

140 

Number of fish 


1 



88 

15 

12 

11 

7 


* TheM lengths shuuld nut be used to indicate the average lue of an age 
group MOM the flih were captured at vanona timea of the year Hm more valid 
lengths are given m Table V 


very rapidly in the first three years, then slopes ipadually toward a 
strait^t line The greatest growth occurred in the first year (96 
milhmeters), followed by a progressive decline that lasts throu^ tiie 
seventh srear of life 

In Table VIII are given the computed weights of the white bass 
that correspond with the grand average calculated lengUis shown at 
the bottom of Table VII The equation employed for the compu- 
tation of weii^ts IS given oa page 322 These calculated weii^ts 
presumably provide a more accurate picture of the general growth 
in w^c^t thu do the actual weif^ts diown m Table V, since tb^ 
are based on all age groups combmed and represent completed years 
of life Both the total weii^ts and increments of weight shown m 
Table VIII are plotted m Figure 8. In contrast to length, the weight 
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increased slowly dunng the first year The curve of total weight 
rises rapidly, however, m the BtKJond year, then more rapidly in the 
next two years, after which it breaks and m the fifth year resumes 
appioximately the slope of the second year, while m the last two 
years, though continuing the break, it still rises more rapidly than 
in the first year The greatest increment m weight occurred in the 



Fig 2 Growth ourvcH of the bake Enc white bftfw The solid line represents 
computed lengths, the broken Ime, computed increments of length Ihe 
curves are based on the grand averages of Table VII 


third year, and the smallost m the first On the basis of the mcreasc 
in weight alone it would be economically sound to protect the white 
bass from capture until at least their fourth summer, after they 
have reached a total length of 11 inches (223 millimeterB, standard 
length) Even m the fourth summer the fisli added 4 8 ounoejs to 
their weight It is of interest to record here that also on the baaia 
of attainment of sexual maturity a siae hmit of 11 mohes u deemed 
desirable (p 329) On the Great Lakes no mae limit exceeds 9J 
inches m total length 
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TABLE VIII 

CALOTOATaD WsioRTB IN Graus AND OoNciaa oT Lakn Eub Wmn Bau 
OORRSBPONDINO TO THS QaAND AvSHAOB CaUJULATBU LbMOTBB OF 
Tabub VII, Annual Incbsmbnts of WmonT, and Annual PaBCENTAOic 
iNCRBAem IN WsiGBT 

(See page 322 for the equation employed for the computation of weighta ) 


Year of hfe 


Awin 

1 

2 

3 

4 

5 

0 

7 

Calculated weight (grams) 

20 

108 

266 

401 

486 

633 

577 

Increment of weight 

20 

88 

168 

135 

86 

47 

44 

Percentage increase 

Equivalent calculated weight in 



146 

61 

21 


8 

ounces 

0 70 

3 81 

038 

14 14 

17 14 


20 35 


y GROWTH COMPKNSATION 

To ascertain the relationship between the length of the first 
year and the later growth the white bass of several age groups were 
divided into three size classes baml on the computed lengths at the 
end of the first year (Table IX) The average calculated length and 
increment of length were then determined for each size group for 
each year of hfe It may l>e observed from the table that each suc- 
ceeding group of larger yearlings maintamed the advantage of size 
throughout the three or four years compared^ although in general 
the maximum differences between the groups diminished progres- 
sively with increase in age The increments of the second year were 
in close agreement and showed no decided trend in direction The 
third-year increments, however, reversed the trend of the first-year 
figures, and the smaller yearlings showed the better growth A com- 
pensation in growth seemed to have taken place during the third 
year # 

VI LXNOTH-WBIGHT BBLATfONSHlP AND COEFFICIENT OF 
CONDITION 

The lengdi-weight relationship of the white bass may be expressed 
by the following equation 

W - cL% 

where W we^^t m grams, 

L •> standard length m nulhmeters, 
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Fia 3 Growth curves of tlie I#ako Em white base The eolid hue repreeenta 
computed weightef the broken line, computed mcrementfl of weight The 
ourvofi ore based on the nvoragoH of Table VIII 


and c and n are conRlants, whose values arc determined empincally 
by fitting a straight hue to the logarithms of the average standard 
lengths and actual weights given m Table X The equation was 
fitted to the average lengths and weights of fish b(*twoen the himts 
of 103 and 261 nulhmeters, standard length (A and B on the curve 
of Figure 4) The resultant equation is F - 1 206 X 10~» >** 

The equation, in loganthmic form, is as follows 

log IT - - 4 9186623 + 3 132 log L 

The curve of Figure 4 was plotted from the standard l engths and 
calculated weiglits of Table X The dots m the figure repreaent the 
length-weight relationship as based on actual measurements, which 
are also given in Table X It is apparent from the figure^ as well as 
from the differences between the actual and computed weights 
(column 7, Table X), that the calculated and empirical figures agree 
remarkably well when large enough numbers of specimens are em- 
ployed The equation may be used with confidence The data 
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TABLE IX 


Relationhhip bvtwken TiiB First- Ybar IjBnoth and the Latbr 
Growth in Ijtngth op the Lake Erie White Babe 


Age group, 
date and 
locality of 

Num- 

ber 

of 

Interval of 
calculated 
length, in 
mm , at end 
of first yejir 

Calculated length at 
end of year of life 

Calculated incre- 
ment of length 
in year of life 

capture 

fiah 

1 

2 

3 

4 

1 

2 

3 

4 

n 

20 

Ijeofl than 80 

80 

158 

204* 


80 

78 

46* 


40 

86-04 

00 

170 

212* 


00 

80 

42* 


Auk 28, 1028, 
llurun, Ohio 

46 

More than 04 

101 

178 

216* 


101 

77 

38* 












Maximum difference 

21 


12 


■ 

■ 



1 

H 

48 

liBSs than 80 

m 


19»* 


80 

70 

40* 


40 

86-94 

90 

162 



00 

72 

46* 


fiept 5, 1028, 
Erie, Pa 

30 

More than 04 

CI3 

172 

213* 


100 

72 

41* 












Maximum difference | 

20 

22 

14 



■ 

■ 


III 

11 

Ijess than 86 

80 

156 

213 

217* 

80 

76 

57 

4* 

15 

86-04 

89 

160 

220 

225* 

80 

71 

60 

6* 

July 1, 1029, 
Huron, Ohio 

15 

More than 04 

105 

177 

231 

235* 

105 

72 

54 

4* 











Maximum difference | 

25 

21 

18 

18 






* Tnoomplote growing season 


indicate that at tho attainment of Ohio’s legal length (0 inrheH) the 
white baas average 4 9 ounres in weight 

Figure 4 has been drawn ho that lengths may be converted 
readily from standard to total and vice versa, and weights from 
grams to ounces and vice versa Tlic conversion of standard, fork, 
and total lengths or of lengths to equivalent weights has a practical 
value, since legal size limits of fish arc stated in these various units 
of measurement in the different states The factors ^at may be 
used to convert the various lengths are given m Table XI A single 
factor is employed for each type of conversion, since no significant 
or consistent vanation in the value was found with a change in the 
length of the fish 

The coefficient of condition, X, is determined by the now well- 
W X 1(P 

known equation K - — — — , where W -• weight in grama and 
L m etandard length in millimeters A relativdy large value of K 
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TABLK X 

Lkngth-Wbiqbt Rblatiombhip of Lakb Krib White Bam. Basbd on Actual 
Lbngtrb and Wbiohtb of 4.904 IndtvidualbTaxbn in 1927. 1929. and 1929 

The average standard lengths are baaed nn five-milhmeter mtervala, with 
sexes combined 


Averago 
standard 
length 
tn mm 

Equiva- 
lont 
fnrk 
length 
m inches 

Equiva- 
lent 
total 
longtli 
in inches 

Average 

weight 

111 

ounces 

Average 

weight 

111 

grams 

Calcu- 

lated 

weight 

in 

grams* 

Difference 
betwemi 
actual an<l 
calculated 
weight in 
grams 

K 

Num- 
ber of 
fish 

03 

43 

46 

06 

18 

18 

0 

2 19 

2 

07 

46 

48 

0 7 

21 

20 

-1 

233 

0 

103 

47 

6 1 

00 

25 

23 

-2 


13 

107 

40 

53 

1 0 

28 

27 

-1 

220 

25 

112 

52 

66 

1 2 

34 

42 

-1 

2 32 

60 

117 

64 

68 

14 

47 

36 


2 42 

00 

122 

66 

6 0 

16 

41 

41 

-2 

2 36 

136 

127 

50 

63 

17 

48 

47 

-1 

2.32 

133 

142 

6 1 

66 

10 

54 

5.1 

-1 

283 

150 

187 

03 

08 

2 1 

60 

50 

-1 

2.33 

155 

142 

66 

7 0 

24 

67 

66 

-4 

234 

148 

147 

68 

72 

26 

73 

74 

1 

820 

167 

162 

70 

76 

28 

80 

82 

2 

228 

198 

167 

72 

77 

12 

80 

01 

2 

2 81 

240 

162 

76 

80 

36 

00 

100 

1 

243 

300 

167 

77 

82 

48 

107 

111 

4 

2 81 

310 

172 

70 

85 

42 

118 

121 

3 

2 32 


177 

8 2 

87 

45 

128 

133 

5 

2 31 

820 

192 

84 

00 

49 

140 

145 

6 

231 

200 

IH7 

86 

02 

64 

152 

158 

6 

2 33 

245 

102 

88 

06 

50 

167 

171 

4 

2 36 

168 

107 

0 1 

07 

66 

187 

186 

-1 

244 

154 

202 

04 

10 0 

72 

2a3 

201 

-2 

2 47 

143 

207 

06 

10 2 

77 

210 

217 

-2 

246 

101 

212 

08 

10 6 

84 

234 

233 

-1 

246 

121 

217 

10 0 

10 7 

89 

262 

251 

-1 

2 47 

05 

222 

10 2 


06 

272 

270 

-2 

2 40 

121 

227 

10 6 

11 2 

103 


280 

-2 

2 40 

125 

232 

10 7 

11 4 

no 

313 

310 



100 

237 

10 0 j 

117 

n 7 

332 

331 



83 

242 

112 ! 


12 5 

154 

353 


1 z 

00 

247 

11 4 1 


14 2 

376 

377 


IZ 

81 

261 

116 

12 4 

14 0 

396 

306 


7 ft 

68 

260 

118 

12 6 

14 0 

424 

421 



32 

261 

12 0 


157 

445 

448 



18 

266 

12 3 

13 1 

17 3 

491 

476 


2 61 

4 

273 

12 6 

MS 

18 0 

610 

516 

6 

361 

4 

278 

12 8 

14 7 

18 2 

517 

546 

20 

2 41 

2 

282 

13 0 

13 0 

10 5 1 

553 

670 

17 

WtlM 

1 

286 

13 2 

14 1 

20 8 1 

589 

606 

7 

2 52 

5 

202 

13 5 

144 

21 1 , 

697 

630 

30 

240 

6 

297 

14 7 

14 6 

10 9 

586 

671 

106 

215 

3 

302 

13 9 

14 0 

24 2 

685 

707 

23 

240 

3 

308 

14 2 

16 2 

26 0 

726 

752 

36 

mEM 

3 

410 

14 3 

16 3 

27 5 

780 

767 

-13 


1 

324 

14 0 

160 

27 6 

780 

881 

101 

280 

1 


the equation, W • 1 906 X 10*^ lA i* 


of 















• it n ft 190 u$ «|# trt 090 009 090 009 000 009 

trA00AM {0 0800 00 m0Ll/MtTt99 

Fia 4 Length-weight relationship of the I^ake Kne white bass The two 
vertical hirSt A and indicate the length range over which the curve was 
fitted The dote are based on the average standard lengths and actual 
weights of Table X (See text for further explanation ) 

represents a good condition of the fish A companson of the aver- 
age K values of male and female white bass of corresponding age 
groups collected at the same locality and at the same time re- 
veal^ no Bigmficant differences (0 00 to 0 08) between the sexes 
The two larger samples (201 and 291 fish of age group 1), collected 
at Huron, Ohio, on July 1, 1929, and at Lorain, Ohio, on August 14, 
1929, each showed a discrepancy of only 0 03 between the sexes 
The Il-group fish (13 males, 11 females) captured at Hijron, July 1, 
1929, exhibited no difference, and the Ill-group specimens (9 males, 
32 females) taken with the Il-group differed by 0 08 

No significant variations (greatest difference 0 06) existed be- 
tween the fish (sexes combmed) of age groups I, 11, and 111 col- 
lected at Huron, Ohio, on July 1, 1929 However, the specimens of 
age groups 1 and 11, taken at Ene, Pennsylvania, in the fall (Table 
V) show^ a discrepancy of 0 13, although no significant differences 
existed between the II- and the Ill-group fish (0 02) or between the 
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TABLE XI 

Faciorb von tre (\)NVERmoN OF Stanpard, Fork, anp Total Lbnqthb 
OF Lake Erie White Babb, Baser or Actual Siandard and Total 
IjFNotii Meabitremenib OP J,156 Fibr between 96 and 267 Milli- 
meters, Standard Lenotu, and on Standard and Fork-Lenoth Meab- 
uhbments of 1,060 Fimh betwrfn 106 and 211 Millimeters, Standard 

liKNOTU 


Item* 

T L to 8 L (no tliatiKe in units of length) 
1 L (inches) tu 8 L (inilhiucterH) 

8 L to 'r L (no change in unitH of length) 
8 L (milUnieters) to T (itichoB) 

K L to S L (no change in units of length) 
F L (inches) to 8 L (millmieters) 

8 L to F L (nt> ( hange in units of length) 
8 L (miUiinrtcrH) to F L (tnohos) 

1 L to F L (no (hange m unite of length) 
F L to T L (no change in units of length) 


Corwertnon 

faeiw 

0 7078 

20 2641 
12534 
0 0403 
0 8548 

21 7no 
1 1600 
0 0451 

0 9334 

1 0714 


* S L *• standard length, F L ** fork length, 1 L « total length 

I- and the Il-group individuals (0 07) eapturexl at Sandusky, Ohio, 
in the fall The K (2 15) of the 0-group tak(»ri at Sandusky was 
relatively low 

The I- and Il-group fish from Ene appear to be inconsistent 
This mconsistenrv, however, is due not to the difference in age but 
to that in length (184 and 219 milhineters) Table X, in which 
the K values are arranged according to the length of the fish, shows 
that these values remain fairly constant up to a length of 102 
millimeters, standard length, and then gradually mcrcasc as the fish 
become longer up to a length of 278 millimeters, when the values 
drop, although not to the level of those for the smaller fish It ap- 
pears, then, that no important changes m K are associated with an 
increase in the age of the fish 

An examination of the averages of K, comparable as to age 
group and season of collection, indicated that the Huron and Loram 
specimens (age group I) differed by a value of 0 07 (2 30 and 2 32 
respectively) and the Sandusky and Ene fish by values of 0 11 (age 
group I) and 0 31 (age group II) (Table V) These discrepancies 
are not due to the different years of collection, smee the Huron and 
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TABLE XII 

MoNTHLT AvERAGBB of tub CoBFFldBNT OP CONDITION {K) OF THE LaBB 
Kiub Whxtb Basb Coludctbo in 1927| 1928, and 1929, Grouped ao- 
GORDiNo to Three Intervals of Average Standard Length and Age 
Groups 


The numbers of the specimens employed are given m parentheses 


Average 

length 
interval 
in mm 

Age 

group 

July 

August 

September 

October 

November 

Average 

128-171 

I 

239 

2 33 

2 39 

2 25 


2 33 



(205) 

(372) 

(35) 

(422) 


(1,143) 

175-188 

1 and n 

233 


246 

2 42 


2 41 



(25) 


(36) 



(138) 

206-233 

11 


2 48 

241 



247 




(246) 

(136) 



(474) 


Lorain matenalR were taken in 1929, and no important variations 
existed m the Erie values for the years 1928 and 1929 (Table V) 
The whit.e bass captured in the eastern end of the lake had higher 
K values than those taken in the western areas Again, it appears 
that the discrepancies are associated with length rather than with 
localities, since the Erie fish averaged larger than those of the other 
ports mvolved 

Some idea of the extent of monthly fluctuations in the value of 
K may be obtained fnim the data of Table XII The coofiicicntB of 
age groups I and II have been combined for the sexes, localities, and 
years of collection Since it was found that length was a significant 
factor in the variability of K, the data of Table XII have been 
grouped according to the average standard length of the fish of the 
different collections The July mdividuals of the l75"188-0ulli- 
meter group are I-year fish, the other specimens belong to age 
group II The October specimens of the 206~233-milhmeter length 
interval averaged 13 miUimeters longer than the group of the next 
largest fish, and this no doubt accounts for their high value of K 
(2 55) There does not appear to exist a consistent trend m X as 
the season advances, except that m November the coefficient of 
condition was high (2 53), The averages for each mae class agam 
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ahow the correlation between the value of K and the length of the 
fish The grand average of K based on 1 ,755 specimens is 2 37 

VII SEX RATIO 

Ah stated on page 315, only the 1929 matenals provide adequate 
information on the relationships between the sexes The data on 
sex ratios, given in Table Xlll, show an increase m the percentage 
of females with age, although the older fish are not well represented. 

TABLE XIII 


Sbx Ratios or thb Lake Erts White Babb Collected in 1929 


group 

Locality 

|||||||M 

Total 

number 

Offiah 


Number 

of 

femalea 

Percent- 
age of 
males 

Percent- 
age of 
femalee 

I 

Huron, Ohio 




84 

68 

42 




291 


146 

60 

50 


Total 

492 

263 

229 

54 

46 

""ir 

Huron, Ohio 

EQgQjH 

24 

13 

U 

64 

46 

In 

Huron, Ohio 

iiiH 

41 

9 

32 

22 

78 

IV 

Hunm, Ohio 

July 1 

2 


2 


100 



July 1 

2 

mm 

2 


100 

■a 



661 

285 

276 

51 

49 


Among the 1-group fish collected at Huron the males comprised 68 
per cent of the sample, which peicentage was reduced to 54 in the 
11-group and to 22 in the Ill-group No males were represented 
among the IV- and Vll-group individuals The increasing domi- 
nance of the females with age suggests that the males are the less 
viable The data on sexual maturity (p 329) indicate, however, 
that the males mature earlier in hfe than do the females, and since 
the fishery concentrates on the spawmng run (p 307), the males are 
removed first from the lake, which results in a shift m the sex ratio 
of the older fish The sex ratios may also fluctuate to some degree 
in the different areas of the lake or on different dates, smee the 
percentage (50) of the 1-group males was less at Lorain on August 
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14, 1929, than at Huron on July 1, 1929 When the data of all age 
groups are combined the aex ratio is approxunately 60 50 

Vllt AGE AND SIZE AT SEXUAL UATURITY 

Since the 1927 and 1929 data on sexual maturity wm consistent 
and supplementary, they were combined for each age group and ar- 
ranged in Table XIV according to total lengths All the 1927 ma- 
tenals were collected at Sandusky, Ohio, and all the 1929 data at 
Huron, Ohio, on July 1, 1929 All the 0-group white baas, which 
were collected in 1927, were immature Nmety-one per cent of the 
I-group fish were immature All the mature mdividuals of this 
group were males raptured m 1927 Virtually all the 1-year im- 
mature fish, 7 5 mches and larger, were also taken m this year, 
nearly all the smaller specimens were collected in 1929 Fifty-eight 
per cent (6 males, 8 females captured in 1929) of the Il-group and 
all older individuals were sexually mature The majority of the 
fish (sexes combined) do not begin to develop sexually until their 
third summer or to spawn until the age of three years, when they 
average 10 9 inches m total length (Table VII) The males, how- 
ever, begin to reach matunty in the second summer, a year earlier 
than do the females, and to spawn at two years, when they average 
approxunately 8 2 inches in total length 

The data in the column at the extreme right of Table XIV indi- 
cate that all white bass under 7 5 mches, total length, were immature 
Not until the fish reached the length interval 9 fi-10 0 mches did 
the majonty of a size class show developing sex organs All speci- 
mens larger than 10 inches, total length, were recorded as maiunng 
Eighty per cent of the 452 white bass taken m trap nets were im- 
mature 

The data suggest that, m order to protect adequately the ma- 
jority of the white bass that have not yet spawned, a legal size bmit 
of 11 mches, total length, must be established The )>resent size 
limit 18 9 inches m Ohio and Michigan Of the 88 sampled fish of 
legal length 20 specimens, or 23 per cent, were immature. Sixty- 
time per cent of the 68 legal fish were less than 11 inches m length. 
An unknown number of these, although maturing, had never spawned 
before The available data mdicate, then, that somewhere totween 
23 and 69 per cent of the fish taken legally m commercial impound- 
ing nets have never spawned 



















lOO-m 203-212 


The Lake Ene WkUe Base 


331 



Mature 



332 


John Van Ooaten 


IX SUBfMABY 

1 The study on the age and growth of the Lake Erie white bass 
was founded on 1,869 fish taken in 1027, 1928, and 1929 in com- 
mercial trap nets and pound nets The data on length-weight re- 
lationship were obtained from 4,904 specimens 

2 The direct-proportion calculated lengths were corrected for 
the differential growth m length of the body and the antenor radius 
of the scale by the formula given on page 309 Figure 1 provides a 
graphic view of the body-scale relationship 

3 Although all age groups from 0 to VII were represented in 
the samples, only 4 7 per cent of the fish were older than three years 
Age groups I and II dominated m the catch The 1926 year class dom- 
inated the collections made in 1927 and 1928, and the 1928 year 
class dominated in 1929 

4 Length frequencies of all fish combined exhibited a mode at 
175 milhmeters (8 6 inches, total length), which corresponded with 
that of the I-group fish Eighty-sevcn per cent of the white baas 
varied between the 7- and 11-inch length intervals, and approxi- 
mately 62 per cent of the individuals were below Ohio’s legal sise 
limit of 9 mches 

5 The females were only slightly larger than the males at cor- 
responding ages The differences did not appear to be significant 

6 The season's growth was virtually completed by the middle 
of October 

7 No differential growth existed among the white baas from 
different locahties as the result of inhabiting various sections of the 
lake. With respect to growth the Lake Ene population may be 
considered homogeneous 

8 Differential growth occurred among the year classes Both 
the first- and second-year growth improved progressively m the 
calendar years 1926-28 It is suggested that this change may pos- 
sibly be associated with the great abundance of the 1926 year class 
— improved growth bemg inversely correlated with density of popu- 
lation 

9 The greatest growth m length occurred m the first year, 
followed by a progressive dechne through the seventh year 

10, The greatest mcrement m weight occurred in the third year, 
the smallest, in the first If we are to take advantage of the rapid 



The Lake Ene White Baas 


333 


growth in weight, the white baas should be protected by an 11-inch 
legal siso bmit The present siae limit m Ohio and Michigan is 9 
inchoH 

11 An apparent compensation in growth occurred in the third 
year of hfe 

12 An equation has been developed that expresses with con- 
siderable accuracy the length-weight relationship The curve ex- 
pressing this relationship has been so drawn on the graph that 
lengths may be converted readily from standard to total and vice 
versa, and weights from grams to ounces and vice versa The 
length-conversion factors exhibited no mgmficant or consistent varia- 
tion with a change in the length of the fish A single factor was 
therefore employed for each type of conversion 

13 The coefficient of condition, K, did not vary sigmficantly 
with the sexes, age groups, localities, calendar years, or months of 
the growing season The K value rose m November, and also 
showed some correlation with the length of the fish The K remained 
fairly constant up to a length of 192 millimeters, then increased 
gradually up to a length of 278 millimeters, when it dropped The 
high average value of K (2 37) indicates that the white bass is robust 
in form 

14 The sex ratio of all fish combined was approximately 50 50, 
although the percentage of females increased with age, owing pn- 
manly to the capture of the younger and earher-matunng males 

15 The majonty of the white bass (sexes combined) began to 
spawn at the ago of three years, when they averaged nearly 11 inches 
m total length Males began to spawn a year earlier than the fe- 
males, that IS, at the age of two years and an average length of 8 2 
inches To provide adequate protection for the nonspawned fish, 
a legal size limit of 11 inches, total length, must be established 
(See also item 10 ) Between 23 and 69 per cent of the white bass 
taken legally in commercial impounding nets have in all probabibty 
never spawned 

Unitbo Statbb DapARTiUNT or ths Iktbkxor 

Fibs amd Wiu>unD Ssavicc 
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LAKE-SHORE INVENTORY AND 
CLASSIFICATION 

NEAL M BOWEBS, KENNETH C McMURRY, 

AND KATHERINE M STAHL 

M ICHIGAN’S shore linoi facing four of the Great Lakes and 
extending over 1,600 miles,' is longer than that of any otlier 
water-bounded state in the Union The property along this shore is 
largely held in private ownership, frequently for speculation and 
often with the mistaken notion that all frontage has relatively high 
value 

This paper, growing out of work done at the University of Michi- 
gan Geography Camp during the summer session of 1940, represents 
an effort to discover what items make up shore complexes, to arnve 
at a system of classification based upon these items, and to deter- 
mme the extent of types derived from this classification along the 
shore under study It must be recognised that this report is a record 
of progress, covenng investigation of a small area Much more work 
m the field will be necessary before any final classification of value 
to both state and private mterests can be reached The strip of 
shore m question is located along the northwestern coast of Emmet 
County, between MoGulpin Pomt and the little village of Goodhart 
(Fig 1), and is approximately fifty miles long 

The mtensive recreational usefulness of any shore is best expressed 
m terms of public demand Bathers want sandy beaches with sandy 
foreshores, wide stnps of shallow water m which children can wade 
and splash, and deep water not too far from shore for^Bwimming 
Those who sail ask for safe anchorages and wide stretches of 
water free from rocks and sand bars Campers need dry sites, 
aufliidently well dramed to insure proper samtatiQn Accessibility 
IS another factor to be considered The fluctuation of water levels 
from one year to another must also be noted m evaluating shores 
for such use. 

^ Muikigan Offlmal DirMtorg end Legtttaim Mwial, 1980, p 6 Miebigan 
Departmaat of State. 


887 
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The character of the shore line depends upon the nature of the 
land and the length of tune the water has been working along the 
shore An approach to the problem of shore dassification from this 
point of view would give, however, a genetic system of httie value 
m terms of shore types for recreational use In order to picture 
most completely the physical nature of the diore and to mdude the 
many diverse geographic, physiographic, and botamo dements the 
classification must be empmcal 

In undertaking a systematic study of shines it was necessary to 
adopt a defimte terminology The wator hne was defined as the line 
at which the land and the water meet Landward from this line to 
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the lurnt reached by waves dunng stonns is the beach, the strip over 
which the water washes Still farther landward is tiie baokshore, 
a lone of indeterminate width Lakeward from the water hne is 
the foreshore, a water-covered stnp of varying width, arbitranly 
marked on its outer margins by the five-foot water contour The 
combination of these three elements, the backshore^ the beach, and 
the foreshore, makes up the shore 

So many factors contribute to the suitability or the unsuitabihty 
of a shore for various recreational purposes that it was necessaiy to 
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liAU Michigan 8hobb Ttfb« along thb NoRTHWBraaN Coast 
OT Eiuibt Cot^ntt. Michigan 


Ttph 

Bacebhobh 

Bbaoh 

Fobbshonb 

I 

Blufff stnp 8 to 8 
Qhatns wide bo- 
tvoen beach and 
base of bluff, cov- 
ered by small sand 
dunes 

Mixed hardwood 

Sand, I to 4 chains 
wide 

Gravel, pebbles, cob- 
bles, boulders, 6 to 
20 cbains wide 

11 

Bluff, stnp 3 to 8 
chains wide be- 
tween beach and 
base of bluff, cov- 
ered by small sand 
dunes 

Mixed hardwood and 
conifer on face of 
bluff, hardwood on 
top 

Sand, cobbles, boul- 
ders, marsh patch- 
es, 1} to 5 chains 
wide 

Sand, cobbles, boul- 
ders, 5 to 10 chains 
wide 

111 

Bluff 

Mixed hardwood and 
conifer on face, 
hardwood on top 

Sand, 1} to 6 chains 
wide 

Sand, cobbles, boul- 
ders, 8 to 20 chains 
wide 

IV 

Dunes, fixed 

HardeWl cover 

Sand, 1 to 4 chains 
wide 

Sand, cobbles, boul- 
dere, 5 to 10 chains 
wide 

V 

Bluff, stnp 8 to 10 
chains wide from 
beach to base of 
bluff, covered by 
sand ndges and 
small fixed dunes 
Hardwood cover on 
bluff, grass below 
the bluff 

Sand, 1 chain wide 

Sand, 5 chains wide 

VI 

Dunes, fixed 

Norway pine and 
white pine 

Sand, pebbles, } to 

1 chain wide 

Sand, pebbles, eobUes; 
8 diains wide 

VII 

Dunes, active dunes 
backed by fixed 
dunes 

Jack pine, oak. poplar 

Sand, pebbles; 1 to 

3 chmns wide 

Sand, 1 to 3 chains 
wide 
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TABLE I {Conduded) 


Type 

Baoxbrobb 

Bbaoh 

Fonnon 

VIII 

Dunes, active dunes 
booked by fixed 
dunes, largo blow- 
outs m the active 
dunes 

White pine, oak, poplar 

Sand, 2 to 4 chains 
wide 

Sand, cobbles, boul- 
ders; 3 to 10 chains 
wide 

IX 

Dunes, fixed 

Mixed hardwood, 
poplar, birch 

Sand, gravel, peb- 
bles, cobbles, marsh 
patches; 1 to 8 
chains wide 

Sand, cobbles, boul- 
ders, mud, marl, 4 
to 10 chains wide 

X 

Beach ndges 

Conifer cover 

Pavement, gravel, 
pebbles, cobbles, 
marsh patches; 2 
to 18 chains wide 

Sand, cobbles, boul- 
den, 15 to 26 chains 
wide 

XI 

Beach ndges 

Conifer cover 

Cobbles, boulders, 
shingle, 3 to 8 
chains wide 

Cobbles, boulders, bed- 
rock, i to 3 chains 
wide 

XII 

Beach ndges 
Mixed-conifer cover 

Pebbles, cobbles, boul- 
ders, 2 to 18 chains 
wide 

Cobbles, boulders, } 
to 0 chains wide 

XIII 

Beach ndges 
Mixed-oonifer cover 

Sand, gravel, pebbles, 

1 to 5 chains wide 

Sand, gravel, pebUee, 
cobbles, 6 to 15 
chains wide 

XIV 

Beach ndges 
Mixed-oo^er cover, 
poplar 

Sand, cobbles, boul- 
deni, marsh patch- 
es; i to 0 chains 
wide 

Pebbles, cobbles, boul- 
ders, 5 to 15 chains 
wide 

XV 

Beach ridges 
Mixed-conifer cover 

Sand, 1 to 4 cbams 
wide 

Sand, 2} to 0 chains 
wide 

XVI 

Beach ridges 
Mixed-conifer cover 

Marsh, 8 to 15 chains 
wide 

Mud, sand, 10 to 15 
eh^ns }ride 


eonaider the shore features in detail. Mappiiig was done on a scale 
of eiidit inches to a mile, covenng the ^kshore, the beach, and 
the foreshore Surface configuration, drainage, vegetation, and the 
nearest roads were mapped on the backshore, surface materials and 
vegetation on the beMh, bottom materials and water dqiths on 
the foreshmre The width of the beadi and the distances from the 
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water line to the one-foot and five-foot water contours were also 
indicated on the field sheets Note was made of any recreational 
development along the shore — cottages, hotels, tourist camps, and 
state parks 

Considerable more diversity was found than was expected In 
general, the backshore consisted of three surface types, dunes, bluffs, 
and beach ndges, with cover ranging from solid hardwood stands 
through various mixed associationb to solid conifer Along the beach 
and foreshore, mud, marl, sand, gravel, pebbles, shmgle, cobbles, 
small boulders, large boulders, and bedrock occurred singly and in 
combmation Beach vegetation was composed of grasses, brush, 
and marsh plants The beach vaned m width from ^ cham to 18 
chams, the foreshore, from ^ chain to 25 chains 

Observation in the field and study of the maps brought out 
varying qualities from one shore locality to another, and charac- 
teristic backshore, beach, and foreshore types were established 
Groupings of these three elements gave shore types which could be 
mapped as definite entities (Fig 2) 

Sixteen different shore t 3 rpes were established (Table 1) These 
may be grouped under three broad categones on a basis of mtensive 
recreational possibilities For example. Type XV (Fig 3), with a 
mixed-comfoF-covered backshore of beach ndges, a sandy beach from 
1 to 4 chams wide, and a sandy foreshore from 2^ to 6 chains wide, 
makes an ideal shore for such use In sharp contrast to this, and 
falhng definitely under the poor class m this relation, is Type XI 
(Fig 3), with a backshore of conifer-covered beach ndges, a shingle, 
cobble, and boulder beach, 3 to 6 chams wide, and a bedrock, cobble, 
and boulder foreshore, § to 3 chains wide Midway between these two 
is Type 1 (Fig 3), with a haidwood-oovered bluff backshore, a sandy 
beach 1 to 4 chains wide, and a foreshore of gravel, pebbles, cobbles, 
and boulders, 6 to 20 chains m width. 

Along the shore studied only six miles, or about 12*per cent of 
the total frontage, may be classed as good on this basis Twenty per 
cent may be classified as fair, 68 per cent is definitely poor. In 
terms of venous other uses different ratings might be developed 
In final analysis it appears that, except for limited areas, the 
greater part of shore is almost worthless for those recreational 
uses upon which high frontage values are postulated Our work 
here, which shows only an approach to the problem, needs much 
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further extension before a final conclusion can be reached The shore 
types developed are not to be regarded as representative of all shores 
A continuation of work along the coast would introduce other types, 
and thus increase the complexity of the system Further simphfica- 
tion 18 needed, but this must be accomplished without too great loss 
of detail, otherwise the value of the classification will be lost 

UMnraRsrrr or Miobigam 



DRY-LAND WHEAT IN NORTH- 
WESTERN COLORADO 

CHARLES M DAVIS 

D uring the decade of homesteading m western Colorado from 
1910 until 1920 Moffat County, in the northwestern comer of 
the state, came to be a dry-land wheat-producmg area The relatively 
heavy rainfall for a plateau district, together with a direct railroad 
connection with Denver, permitted the homesteaders to depend upon 
wheat for their hvmg rather than upon cattle ranching Under the 
enlarged homestead acts the wheat farmers had much more land 
available than they cared to plant each year The amount of this 
land which was put into cultivation vaned tremendously from year 
to year, presumably m accordance witli what the farmers estimated 
would be the returns The followmg statistical analysis is an attempt 
to explain the factors which influenced the year-to-year planting * 
The first condition which might affect the planting of wheat 
acreage would seem to be price The homesteaders were primarily 
cash farmers, not cattle ranchers Wheat, the frontier crop, was the 
medium by which they could most readily realise a cash return with 
a nunimum of capital mvestment From 1920, the first year for 
which statistics are available, until 1933 the curves of acreage and 
price, as illustrated by Figure 1, show a strong correlation m trar 
jectones There is a lag of a few years between the tunung pomts 
of price and acreage It is reasonable to suppose that the acreage 
planted m any given year was determmed on the basis of the last 
year’s price It is entirely possible that the shape of*the curves 
represents nothmg except the operations of chance 

A second factor which might influence the wheat farmers would 
be tile yidds per acre from year to year Both sprmg and winter 
wheat are produced on the ^ land of Moffat County. The home- 
steaders apparently preferred spring wheat to winter wheat, for 

1 Statistical informatioD for the yeam indicated has been taken from TKb 
yearbook ^Cetorodo, pubUshed annusHy, ^dtb some exoaptioiu, by state agsarisB. 

m 
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until 1920 the acreage of the former was two or three times aa great 
as that of the latter The deflation which marked the end of the 
wheat boom of 1917-19 cut the spring-wheat acreage down to 
equality with that of winter wheat The end of this decline is seen 
in Figure 1, and is agam evident in Figure 2, which shows the yield 
and acreage of sprmg wheat only 8mce 1926 the general correlation 
of the curves has been fairly close, but a relationship of cause and 



effect should not be stressed in this correlation At several places the 
critical turning points in the curve of acreage precede the correspond- 
mg turning pomts m the curve of yield Though sigmficant and 
prolonged periods of decreasmg yields probably would discourage 
plantings, it is hardly plausible that a fanner could anticipate yield 
one or two years m advance It is more unbehevable that any cash 
gram producer would cut his acreage m the face of increasing yields 
The curves representing the acreage and yield variations of wmter 
wheat (Fig 3) seem to indicate that only prolonged dumps in the 
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yield per acre have important effects on planting The turning pomts 
in the curve of acreage quite regularly coincide with or precede the 
points m the curve of yield Though this gives a superficial aspect 
of oorrelatioUf it still renuuns to be shown how a farmer deciding on 
the amount of acreage to plant m October could have any idea, in 
this area of fluctuatmg rainfall^ what might be the yield per acre of 
next summer’s crop 



Fxg 2 Until 1025 tlie acreage of ipnng wheat indicated 
little relationship to the yield per buahel Suioe that 
year the curves of yield and acreage have shown a 
close eorrdati<m 

Unless the evidence presented by these fluctuatmg yBlues is en- 
tirely the product of chance, one must conclude that the wheat 
farmer m this area vanes his acreage m accordance with the pnoe of 
wheat m the preceding year and not in general with yields per acre 
Almost any farmer can speculate concernmg probable wheat pnees, 
but as for the spring rainfall m western Colorado no man can have 
a very useful opinion 

Though the vanation in planting is a function of human opinions 
on the matter, the variations in yield per acre must be mduoed by 
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natural causes. The weather station at Lay, withm the wheat area 
of Moffat County, produced reliable statistics until 1935. The 
cumulative ramftdl figures from this station have been put together 
m an attempt to find a precipitation value which will fluctuate m 
rhythm with the yield curve of either spring or wmter wheat After 
some experimentation it was evident that the cumulative rainfall 
from November until the end of April produced the curve which 



Fie 3 The general trajectones of the curves of acreage 
and yields of winter wheat show a relatively strong 
oorr^tion throughout the statistical penod The 
early fluctuation of acreage in terms of price, as shown 
in Figure 2, Is not apparent with wmter whMt 

correlates most closely with those of either spnng or winter wheat 
yields (Fig. 4) A conclusion might be drawn that, though spring 
wheat is plan^ much later than wmter wheat, it is eqiudly dependent 
upon the winter rainfall stored in the ground. 

The correlation of the fluctuations of the graphs of rainfall and 
yield IS not perfect, and other factors need to be added to explam the 
divergencies of the curves The ram-gauge precipitation is certainly 
different from tiie effective precipitation liie factor of evaporation 
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as well as that of late frosting has not been taken into account The 
trajectories of the curves follow one another fairly well, but there 
are many discrepancies which need to be explained If rainfall is the 
sole factor, one wonders why the years with Uie most ram are not 
also the years of highest production In addition, the driest years 



Fio 4 The ineld curves of both spnng and muter wheat 
show certain irroaulantieB and ^k> certain ooirdo- 
tions with the curves of the rainfall from November 
to April of the crop year 

have not produced the lowest yields The months m which excesses 
of precipitation or of drou^t occur seem to have ccouaderable sig- 
nificance The yield in 1919 was extremely low after a total rainfall 
of less than two inches in the preceding November, December, and 
January February, March, and April brought enough ram to restore 
the average to an almost normal mean This combination, however, 
produced the poorest yields, both of spnng and of winter wheat, m 
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the history of the Moffat County dry-farming area The rainfall low 
of 1030 resulted from drou^d^t m February, March, and April and 
made a very significant dip m the yield curve In December before 
the peak yield of winter wheat of 1028 the rainfall was three and 
one-half mches, but that for January and February combined was 
less than one mch The peak of sprmg wheat came one year later, 
in 1020, yet there was no appreciable difference m the May and June 
rainfall of these two years If the key to fluctuating yields is to be 
found m fluctuating rainfall, it must be sou^t in the monthly vari- 
ations of the wmter and early spring 

Uniwrbxtt or Micrioan 



FARMSTEADS AND LAND TYPES IN 
EMMET COUNTY, MICHIGAN 

FRED W POSTER 
INTBODUCnON 

A METHOD of land classification in which the unit of inventory 
IS the land type has been proposed and applied in the field ‘ 
The basic land types for Emmet County were established by J 0 
Veatch after reconnaissance in the early summer of 1937 By the 
close of the field season the northern two thirds of the coimty had 
been mapped* The work was completed during the summers of 
1938 and 1939 With aerial photographs it was possible to revise and 
refine the land types outlined in the first summer New ones were 
added, and some were dropped to achieve the same degree of detail 
If the land types as estabhshed are valid entities, there should 
be some relationship between the physical conditions they represent 
and the cultural patterns that develop as tliey arc used by man 
Such connections will be best expressed m terms of productivity 
A complex of conditions m addition to the productivity of his land 
influences the ultimate success or failure of any farmer These in- 
clude ambition, alertness, available markets, and the coat of trans- 
portation In a small area where the same general advantages and 
disadvantages prevail marked variations in the character of farms 
and farmsteads from place to place will, however, reflect the quality 
of the land On the basis of this idea correlations have been made 
lietwoen the land types and the farms and farmsteads m Emmet 
County * 

DBBCBXPTION OF THE LAND TYPES (SBE FIQ l) 

As Emmet County is approached from the north the land rises 
m a senes of terraces retreating from the shore of Lake Michigan 
These terraces are level or slightly mclined and are marked by 

1 Veatoh, J 0 , ^*The Idea of the Natural Land Type,** Proe$ed*ng$ ihe 
SoU Setenoe SociMy <if Amiertoa,2 499-508. 1987 

* Burling, M C , “Land l^pes in Emmet County, Miditgaa," Pap Mteh 
Aead. Set., Arte, and LeOere, 94(1988), Fart 111 65Hi9 1989 

861 
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rehct shorelines along the lakeward margins The nature of the 
drainage is dependent upon the position of the terrace and the char- 
acter of the soil material South of the benches a moraimc mass 
stands high above a surroundmg lowland area of diverse compo- 
sition The lowland is particularly evident along the east side of 
the county and is terraced after the manner of the benches m the 
north The morainic material is shaped mto dnimlm-like ndges or 
deposited as sandy plateaus that are cut by numerous dry valleys 
The plateau surface and its margms exhibit occasional kamic de- 
posits A number of broad flat-floored valleys transect tlie moraines 
Their location is such that tliey separate the upland into a senes of 
poorly defined ranges with a north-aouth twaid In the southern 
part of the county the eastern lowland swings to meet Ldttle Traverse 
Bay South of the depression thus formed the elevated area con- 
tinues — the drumlins in the west and the sandy moraines in the 
east On the varied surface desenbed, with its complex associations 
of HOi\f slope, vegetation, and drainage, the land types ai‘e developed 

OiniJNE OF THE LAND TYPES 
1 Land Types with Small Local ReheJ and Slmo or Poor Drainage 

Cacii. 

Vegetation 

ilajor - Cedar, balsam fir, white spruce, ospon, whit© pine, Norway pine, 
rod maplo, alder, willow 

Minor " Ash, olm, white birch, tamarack, hemlock, moiish graesen, sedges, 
leatherleaf bogs 

Surface Successive beach ndges with cK'casional flat areas 

Sod* 

Mvgor - Alpena loam and oobbly loam, Eastport sand 

M%mr — Newton sand, Ilifle peat, Qreenwo<^ peat, Wallace sand, Sauga- 
tuck sand and Granby sand 

Dramoge Poor m swales and fiats, small sluggish streams 
Rjbd School 

Vegetation Cedar, white spruce, balsam fir, aspen, elm, ash, red maple, yellow 
birch, basswood, tamarack 

Surface Gently sloping toward the lake, broken by old sandy beach ndges 

Sod 

Mayor — Ogemaw sandy loam, Munuseong sandy loam 

Minor — Smigatuok sand, Newton sand and Rubicon sand 

Drainage Slow, water has a tendency to stand on surface 

> For a desenption and discussion of the soils mentioned see Foster, Z 0 , 
Sheann, A E , Millar, C E , Veaioh, J O , Donahue, R L , 8oU Survey pf Ch^xty- 
gan County, Michigan, United States Department of Agneulture, Belies 1034, 
No 16 1-47 IMO 
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Crookxd Tmxs 

Vegetation Cedar, white spniee, tamarack, elm, aah, red maple, aspen 

Surface licvel, gently riopmg 

Soil 

Major — Bergland clay loam or loam 
Af tnor — Newton aand, Cronby sand, or Rifle peat 
Drainage Slow on surface, ground water table high 

Bear Chskk. 

Vegetation Aspen, with some conifer and red ma])le 
Surface Level to gentlv sloping with occasional sandy ndges 
Soil 

Major — Antrim sandy loam 

Mtnor KalkaMku sandv loam, Newton sand and Saugatuck sand 
Drainage Slow to pour 

Uautuh 

Vegetation 

Afr^or ^ Red maple, elm, aspen, ash 
M inor — Cedar, spnice. balsam hr, hemlock 
Surface Level, gently rolling 
Soil 

Major — Selkirk silt loam, Bnmley fine sandy loam 
Minor — Ogemaw sandy loam, Saugatuck sand, Newton sand, Rubicon sand 
Drainage Slow to poor, seepage on some slopes 

Larks 

Vegetation Cerlar, white spruce, balsam fir, ash, elm, red maple, alder, willow, 
aspen, tamarack, balm of Gilead, white and yellow birch 
Surface Flat 
Soil 

Majtrr — Rifle peat, Newton sand, Saugatuck sand 
Minor — Granby sand Greenwood peat, Bergland clay loam 
Drainage Poor 

2 Land Type* wlh Snuill Rdtff and Rapid Drtitnoffe 

Bl IBS 
Vegetation 

Major ^ Hard maple, beech, elm 

Minor — Rn cherry, hemlotk, aspen, basswood, yellow birch, white birch, 
white pine, Norway pine 

Surface Gently aloping, sometimes sharply broken at intervals, wliere ter- 
races develop 
Soil 

Major — Kalkaska loamy sand or sandy loam 
Minor — Rubicon sand, Wallace sand, Alpena oobbly loam 
Drainage Good; poor m spots 

PEtiLBTOK 

Vegetation 

Major — Aspen, pm cherry 

Minor — RMdual white or Norway pine and hard maple, bracken and grass 
Surface Practictdly level, occasionally broken by beach ndgee 
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Boil 

Mn^or ~ Hubiiun sand 

Mtnor Kalkaska loamy sand, Saugaiuck sand, Wallace sand, Greenwood 
peat 

Drainage Gofxl, poor in occasional small areas 

3 Land Types wUk Considerable Local Relief 

Walloon 

Vegetation 

Ma^or » Hard maple, beet h elm, ItasswcKKl, yellow birch 
Minor — Aspen, cherry, with cedar, balsam 6r, red maple, ush, alder, and 
willow in deprcHHions 

Surface Pronounced druinlmdike tofiography with a northwest-southeast 
trend, steep marginal slopes 
Soil 

Ma^or — Onaaay sandv loam 

Minor — Onaaa> loam, Kminet sandy loam, Granby sand, Newton sand, 
Lupton muck. Rifle poat 
Drainage l^cKir in depresHions 

McKinlky 

Vegetation 

Major ^ Hard maple, beech 

Minor — Dassa ood aspen, yollo\\ birch pm cherry, with cedar, balsam fir, 
elm, ash, red maple, alder, and ailloa in depressions 
Burfaec Plateau-like, or suggestive of drumhns 
Soil 

Major — Emmet sandy hiam 

Minor — Onaway sandy loam, Emmet loamy sand, Newton sand and Granby 
sand, Rifle ixsat 

Drainage Poor lietween many of the ridges 

Hbadmond 

Vegetation 

Major — Hard maple, beech, elm 
Minor — Aspen hemlock, ahito pine 

Surface Dissected sandv moraine, steep marginal slopes, gentler interior 
slopes, surface often traversed by a maae of ** fossil" valleys 

Sfjil 

Major — himmet hjomy sand 

Minor — Emmet sandy loam, Onaway snnd> loom, Kalkaska loamy sand 
Drainage Rapid, few streams, few if any swamp areas, son^ seepage on 
slopes 
Stuhqson 
Vegetatifin 

Major — Norway pine, white pine jack pine, oak, aspen 
Minor — Plh cherry, sugar plum, hard maple, white burb, grass, bracken, 
ground jumper, swales covered with sedges and marsh grasses 
Surface Dune topography with some fresh Idow 
Boil 

Major — Wallace sand 
Aftncr ' Bridgman sand, Houghton muck 
Drainage Good, poor between dunes 
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FARMS AND THIS LAND TYPR 

Indians were the first agnculturalists in Emmet County Their 
fields were small and widely separated, nevertheless, aotno corn was 
available for sole at the settlements along the Straits of Mackinac 
The government surveyors* notes record the occasional Indian clear- 
ings on the hncs of traverse Unverified reports have mentioned 
Indian orchards But deapite encouragement by missionaries and 
the government, agriculture seems never to have supplied all the 
food needed Hunting, fishing, and the gathering of wild plants 
supplemented the food supply The area undcT cultivation was ex- 
panded as white settlers encroached upon the aboriginal domain, 
but the fields were never far from Lake Michigan A good location 
was more important than soil fertility, and water tiavel was the 
chief means of communication In consequence, the lake-border 
land types with good drainage wt^rc' spotted with Indian clearings 
along the shoreward margins These land types are the Bliss, 
Readmond, and Walloon 

It is sometime's assumed that lumbenng preceded agriculture 
over most of the northern part of the Lower Peninsula of Michigan 
In Emmet Countj lumbenng and farming were contemporaneous 
While the woodsmen cut ovei the CVciI, the Red School, the Sturgeon, 
and the Pellston land types, and parts of the Bliss, farm cleanng 
was going oliead rapidly in other areas The settler was not con- 
cerned with the potential value of the wood Logs were used for 
cabins and bam timlxjrs The remainmg trees were cut, hauled into 
piles, and burned 

From the very beginning the newcomers tilled the soil Farm 
economy was based upon the production of potatoes and other root 
crops, grams, hay, and cattle It is mterestmg to note that the 
early settlers prrficted the declmc of agriculture as the “rash” 
among them mortgaged their land and drove their oxen to Antrim 
County, whore they traded them for horses 

These farmers labored under circumstances that wpre favorable 
to at least temporary success The towns of Petoskey and Harbor 
Springs were growing rapidly, boats were contmually docking along 
the shore, and the lumber mdustry was in full swing Here was an 
adequate market for excess production Then, too, with settlement 
came the resort mdustry and the rmlroad One suppbed a market 
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that would permit of Bome specialization, and the other an outlet 
for surplus produce — not ordinarily found m pioneer areas 

Much of the land gave every indication of being extremely 
fertile The yields were large Father Weikamp’s mission farm, 
which was not considered of especially good soil, is supposed to 
have furnished as a twenty-year average the following per-acre 
harvest wheat, 30 bushels, oats, 60 bushels, rye, 27 bushels, bar- 
ley, 26 bushels, potatoes, 400 bushels, beets, 400 bushels, carrots, 
400 bushels, tuinips, 500 bushels, rutabagas, 500 bushels, timothy 
hay, 2J tons The soils were nch m partly decayed organic matter, 
and certain amounts of at (cumulated soluble minerals were present 
Surrounding woods held few pests, either plant or animal, t.o inter- 
fere with production Prospects for agricultural development were 
regard(*d as being among the bc'st m Mu higan, and there can no 
question but that farming had an auspicious start 

In the sixty-five years since the first agricultural settlement de- 
velopment has not piogressed with the same speed or to the same 
degree on all the land types Though the term “general farming” 
might be applied to all such activity within the county, the quality 
and the character of the agnculturt' vary from land type to land 
type 

Walloon agncuUure — Fanning on the Walloon land typo is the 
most successful m the coimty The appearance of the farmsteads is 
generally prosperous Fields, fences, yards, and orchards give an 
impn»Bion of being well cared for (^rops are vigorous, and the signs 
of a successful economy are seen everywhere 

A greater part of the surface has been eleaied of vegetation 
Trees grow m the steep-sided valleys that occasionally cut back into 
the hills and along tlie bottoms of the poorly drained depressions 
Portions of the lowland areas liave been cleared and are used for 
pasture Fields are large, and the fence Imes are straight Farm 
economy is based upon the production of potatoes and animal 
products Some acreage is devoted to alfalfa and other hay crops, 
as well as to com and small grains, particularly oats and wheat A 
fair percentage of the cropland is m pasture 

Despite the fact tliat farming here is general m character three 
types of specialization have developed — dairying, potato raising, 
and flower growmg Dairy farming, common over the land type, is 
most prevalent m the vicinity of Petoskey These farms are among 
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the best m the county Other farmern raise quantities of potatoes 
The extreme specialization is indicated by emphasis on the production 
of certified seed A few agnculturalists concentrate on flowers, bulbs, 
and seeds The flowers are sold in the resort market and in Chicago 
Seeds and bulbs arc disposed of through the various seed firms 

McKtfdcy agnculture — Farming on the McKinley land type is 
similar to that on the Walloon Less of the surface is cl(*ared of its 
forest vegetation Fields are smaller, and field Imes are more ii- 
regular Use of the lowlands for pasture obtains here also There 
IS relatively more potato raising but loss dairying Alfalfa is not so 
important as a hay crop, although a larger share of Uic area is given 
over to hay and pasture 

Readmond agrtetUiure — Agnculture on the Headmond is not 
particularly prosperous There are a few areas where a greater con- 
centration of the heavier soils is reflected m the quality of the 
farms, notably east and south of Goodhart and northwest of Harbor 
Spnngs Here the agnculture is almost on a par with that of the 
McKmlo}’’ Otherwise the farms are definitely infcnor in quality 

The farming is confined to plateau-hke areas Slopes give indi- 
cations of having been used m the past, but they are mostly aban- 
doned today A great many of the fields are unfenced or surrounded 
with barbed wire They vary in size and shape, and it is a common 
practice to crop only a part of each enclosed umt As fields are 
given over to hay or pasture, the bottoms of the numerous valleys 
may continue in crop production Ports of the farm area remam m 
second growth, with irregular borders marking the boundary be- 
tween forest and clearing 

Land use shows httle diversification Corn is raised m small 
quantities Potatoes seem to grow bettor than any other crop 
Wheat, oats, and buckwheat are the chief small grams, but the per- 
acre output of none of these crops is great Most of the farm area is 
given over to hay and pasture Natural hay, sweet clover, and al- 
falfa are important m the order named The pasture land is often 
permanent in the sense that it may not be cropped for several years 
Cattle are a part of every farm system Adjoining abandoned farms 
are occasionally used for hay or pasture The humus content of the 
soil has been diminished through steady use Rapid drainage lowers 
the quality of the food crops, stunts the hay, and dimmishes the 
amount of pasturage 
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Bltss agrtcuUure — Agriculture on the Bliss is favored by the 
level surface Gravelly areas are apparently more fertile than those 
of a sandier texture, and the successful farms are generally on this 
phase of the Kalkaska soil type With the exception of two areas 
farming is about on a par with that of the Readmond Through the 
efforts of George Gibes, a Pohsh immigrant, a groat many Poles 
settled on the Bliss land type in the vicinity of Larks Lake Here 
the farms are distinguished by the neat appearance of the buildings, 
the diversity of the agriculture, and the ubiquitous geese North of 
Harbor Springs the fortunate association of farm with city has aided 
the development of a successful economy Dairies occur as the re- 
sort development and the demands of the village justify their ex- 
istence Near the town a number of people concentiate on the 
raising of fruits, vegetables, and flowers 

Throughout the rest of the land type agriculture is little advanced 
beyond that of the Readmond Production of hay and pasture is 
the common use of the land Corn and potatoes are apparently 
better crops here Fields are more regular, but are no better fenced 
One factor that gives this land tyiie an advantage over the Readmond 
18 its flatness of surface 

Brutus ogncuUuTe — Most of the Brutus land type is occupied 
by a religious sect — the Mennonites Under a system based on 
flelf-disciphne an agncultural economy was developed that benefited 
all A prosperous farm community resulted Today the old manner 
of living IS giving way befon' the automobile age and the principles 
of Bclf-gam Though the area is still successful the evidences of 
agncultural decay are everywhere apparent 

A heavy clay soil, the chief soil component of the land type, is 
difficult to plow Great power is needed to turn the furrow to any 
depth This feature and the resultant slow drainage make it poor 
land for C/Om, which has always been stunted, with small ears Po- 
tatoes are a fair crop, but most of the cleared land is given over to 
grains and bav, particularly alfalfa Fields are large, and httle of 
the farm area is left m forest 

Pellstm agncuUure — There are few farms on the Pellston land 
type They appear to function below the level of subsistonoe 
Stump pasture and natural hay predominate The lack of fences 
and l^e neglected fields make it difficult to distinguish the used 
land from the unused Browse lines m the small aspen groves em- 
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phasizc the paucity of good grazing Crops seldom seem worth 
harvesting 

Red School agrtcuUure — Large parts of the Red School land 
type are not used for agriculture The area under cultivation ap- 
pears, however, to be expanding Here and there fields are being 
cleared of stumps A stony surface and slow drainage contribute to 
the difficulties of farmmg Though farmsteads an> not prosperous- 
looking, continual unprovement has been noted over a penod of 
three years The local markets at Mackinaw City and Mackinac 
Island may appreciably encourage the expansion of the farm area 
and the improvement of the farms 

Crooked Lake agriculture — The Crooked Lake land type is 
handicapped by slow drainage I^nd is cropped, but the farm homes 
are for the most port abandoned Production is supplementary to 
that of the occupied farms on the neighbonng land types Hay is 
the chief crop, with a minor yield of small grams Bams are large, 
and fences arc uncommon This land type is apparently unable to 
support a well-roimded farm economy, but it is unlikely that it will 
be abandoned so long as the contiguous areas are occupied 

Larke agnevliure - - At various places within the Larks land 
type surface irregulantie^ have result^ in exposures of mineral soil 
These locations may be utihzed for crops There ore seldom more 
than two or three farms in any one place* The cultivated areas are 
irregular and are devoted to general famung Some farms leave one 
with the impiession that the owners are not entirely dependent upon 
agriculture for their income 

Bear Credo agrtcuUure — Much of the cropland m the Bear 
Creek land type is held in farms located in large part outside the area 
The farms wholly on this land type are small and ill fitted for agri- 
culture Hay and pasture constitute the chief use oi the land There 
IS little mdication that it will ever be more mtensively used than it 
IS today 

Sturgeon and Cecd agrtcuUure — The Sturgeon and the Cecil 
land types have practically no agncultural settlement Apparently 
fanning has never been attempted on the Sturgeon On the Cecil 
it was maintained to supply lumber-camp horses with hay It exists 
today on a subsistence or part-time basis 

Certam condittons have developed m the county that are both 
favorable and unfavorable to the saccess of agiioulture It is 
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cult to view each situation m terms of its direct relationship to a 
land type, nevertheless, correlations can be suggested 

Part-time farmers are found throughout the county Many ac- 
tivities m addition to farming chum their attention from season to 
season Exploitation of the second-growth forest is one source of 
outside income The cement plant, the highway department, the 
seasonal demands of the resort areas are all sources of employment 
Many people work m the factory cities of the southern part of the 
state dunng the winter months It can be assumed that the amount 
of part-time farming decreases as the land type under consideration 
18 more productive 

Many farms arc developed with money obtained from other 
sources Frequently the funds denved from the sale of the farm 
timber were used to build the house and bam and supply other im- 
provements Some farms are mamtamed as a hobby or a place of 
retiral should business fail or industrial production close down The 
buildings and improvemeqts on such farms often fail to reflect the 
agricultural productivity of the areas where they arc located 

In the vicimty of Harbor Spnngs and Fetoskey and, to a lesser 
extent, throughout the coimty, the resort trade has increased farm 
mcome The purely seasonal character of this business makes it 
difficult, however, to adjust supply to demand If sales throughout 
the year could be mamtamed near the summer level, farmers m the 
county would have few financial problems 

There has been some change m the method of farming dunng the 
last few years Small grams are givmg way to com At the same 
time the number of silos has increased Dairying is becoimng more 
important every year In 1939 every farm m the county had, on an 
average, seven cows of milking age A great deal of stress is laid on 
the growing of potatoes for certified seed In 1939 approximately 
3,400 acres were m potatoes * 

FABMBTEADS AND LAND TTFX8 (BBB KI08 1-^) 

It was felt that the number of occupied dwellings and the com- 
parative quality of the farm buildings and farmyard umts might 
mdicate to some degree the success of agricultural enterprise in each 
of tile land types It is not enough to say how many operatmg 
farms occur per umt of land. Analysis must go further Are the 
farmers barely able to supply the needs of home and famdy, or is 
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there a surplun available to be used for the unprovement of farm 
and buildings? Without doubt, personality and circumstance enter 
the picture, but it can be safely assumed that all the poor families 
were not concentrated on the poor land types from the very be- 
ginning Consequently, a classification of all the rural dwelhngs in 
the county was made The system used was a modification of the 
ideas presented in a bulletin published by the Cornell University 
Agricultural Experiment Station ^ Occupied rural farmsteads were 
estimat^'d on the basis of their quality Nonfarm dwellings were 
classified at tlie same time The evaluation of farmsteads was earned 
on without reference to the land types Five classes of farmsteads 
were established Class 1, abandoned farmsteads, will be discussed 
in a later paper The other four classes are 

Claes 2 — Farmsteads of inferior quahty Such farmsteads 
mi^t be rcgardtHi as barely holding their own, or else they are 
cleaily in the process of detenoration Buildings are generally un- 
painted and roofs are in poor condition Dilapidation of one sort or 
another prevails everywhere There is usually little or no attempt 
to make the surroundings presentable Dwellings are often log 
cabins or tar-paper-covered shacks These farmsteads have either 
degenerated from a higher classification or never have been sustain- 
ing (See PI I, Fip 1-2 ) 

Class 8 — Average or ordinary farmsteads There is a general 
air of moderate success All the buildings may not be in the best 
condition, but a defimte effort is made to keep things in good repair 
Paint IS not necessarily new, though painting is done periodically 
Roofs are usually well cared for, and gates and fences are m good 
order (See PI I, Figs 3-4 ) 

Class 4 — Farmsteads distinctly above the average Buildings 
are well roofed and painted Yards are m good conditioh Fences 
are m first-class shape The appearance of the farmstead mdicates 
that there is a more or less continual expenditure of time and money 
on improvements Surplus money beyond that required for the 
ordmary demands of living must be available to support an estab- 
lishment of this sort (See PI 1, Figs fi-6 ) 

* Tyler, H S , An Steanamie l^udy of Land UltliMoltm tn Ckenago Counity, 
Ksw York, Cornell Univemty AgnouHural EiqjMiinent Station, Bulletin 6M 
Ithaoa, New York, 11M 
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Claaa 5 — Farmsteads clearly of aupenor quality House, bam, 
and outbuildings are in optimum condition The grounds arc usually 
landscaped A tone of prospenty pi^evails There are very few 
farmsteads of this type (See PI 11, Figs 1 >2 ) 

Novfarm dwellings — Dwelhngs whose owners receive only a 
small part of their livelihood from tilling the soil (See PI 11, Fip 
3-4) 

Since the first widespread attempt at settlement agiiculture has 
had ample time and opportunity to establish itself m all parts of the 
county The possibilities of crop production have been determined 
pnmanly by trial and error Failure and circumstance have elimi- 
nated many who attempted to till the soil Today the density of 
functional farmsteads on a land type is, m some measure, indicative 
of the ability of the area to support agnculture (Fig 2) The smaller 
the average amount of land per farmstead, the greater is the rela- 
tive productivity (see Table I) 

If the land types with small local relief and slow or poor drainage 
are considered, a marked difference in farmstead density is noted 
(Table I) The Cecil type, with 11 94 square miles for each farm 
home, stands lowest The Larks is next, witli all its farmsteads on 
the higher ground included within the complex The Crooked Lake 
IS third Here a considerable part of the surface has been cleared, 
but a well-rounded farm program is apparently impossible The 
Red School is fourth This relationship may be expected to change 
m the near future since the process of clearing is still under way 
Within the Brutus area, which is fifth m density, farmsteads are 
concentrated on the heavier soils The sandy portions are, for the 
most part, uncleared or abandoned The Bear Creek region is so 
small that the figure indicatmg the average area for each farm unit 
may not be reliable 

Two land types have been characterized as having "small rehef 
and rapid drainage " The density relationship is obvious a more 
fertile soil and better moisture conditions on the Bliss contribute to 
the greater concentration. The Pellston is relatively unattractive 

The Walloon, the McKmley, the Readmond, and the Sturgeon 
are the land types with considerable local rehef The Walloon has 
the smaOest average area per farmstead of any type m the county 
Greater dissemination of farms defimtely sets the McKinley apak 
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CORBKLATION OF LaNO TtPUI AMB FABUBnAD Tnu 


In the fitst four ccdumns the second figure le the percentage 



from the Walloon, even though they ue einuhtr m appeantnce 
Sandy aoil, poor moiature conditiona, and exceerfve elope have die* 
oouraged agriculture on the Beadmond The average area for each 
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farm unit ia large It is not possible to present the figures here, but 
this land type is charactcnzed also by a great amount of abandon- 
ment On the Sturgeon, as has been said, agnculture has never been 
attempted 

There are a number of factors that may act to reduce the relia- 
bility of compansons made between the different land types on the 
basis of average area per farmstead For instance, on the sandier 
soils larger surface units are necessary to permit a balanced agri- 
cultural economy Furthermore, the scattered ndges within the 
Larks offer the only farm sites thei*e For the Pellston one site is as 
suitable as any other The compansons might have been more 
cntical if they could have been made accordmg to the amount of 
cleared land rather than according to total areas 

Within each class the farmstead density vanes considerably from 
land type to land type Reference to Table I will show that this 
same separation prevails when all the land t3rpcs are considered to- 
gether 

The small number of Class 5 farmsteads is of no groat value for 
correlation At least four of the fourteen listed as superior arc sup- 
ported by funds derived from outside sources Many of the others 
are dairy farms Money is available for maintenance and improve- 
ments partly as the result of location near a favorable market 
Nevertheless, the six of this class on the Walloon uidicatc a high 
standard of farming 

Classes 2, 3, and 4 offer the best opportunity for evaluatmg pro- 
ducUvity as it is refiected in farmstead quality The Walloon, with 
15 7 per cent of the units m Class 4, 60 3 per cent m Class 3, and 
21 5 per cent in Class 2, is obviously the best land type for agri- 
cultural use The McKinley has the next highest rating and is fol- 
lowed by the Brutus 

There is some question whether the Crooked Lake or the Bliss 
should come next m this classification A greater number of func- 
tioning enterpnses on the latter, however, gives it priority After 
the Crooked Lake, the Readmond, the Bear Creek, the Red Sciiool, 
and the Larks follow It is to be noted that the order is not valid m 
terms of any one class The positmos are determined rather by a 
joint consideration of the three classes for each of the land types 
named It is doubtful idiether the Bear Creek idiould precede the 
Red School 
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There can be little quGHtion of the relative position of the last 
three The Pellston, with 83 per cent of its farmsteads in Class 2, 
the Cecil, with two farmsteads in Class 2, and the Sturgeon, with no 
rural habitations, complete the sequence 

A major percentage of the nonfarm dwollmgs are distributed 
without reference to the quality of the land types They are, m a 
sense, suburban homes built in the vicinity of Petoskey, Harbor 
Sprmgs, or a place of employment It is probable that the Bliss, 
the Readmond, the McKmley, the Walloon, and the Bear Creek 
areas may on occasion offer more suitable building sites Otherwise 
the location is fortuitous 

Many of the nonfarm residents exploit the second-growth timber 
Some of the best areas for cutting are found on the Bhss and the 
Readmond or in the poorly drained land types close at hand Dis- 
tnbution of such exploitation is controlled by the lack of conditions 
favorable to farming 


CONCLUSION 

Land types have been established with reference only to their 
physical charactenaUcs If we make allowances for the personal at- 
tributes of ambition, superior training, and home back^und, and 
if we discount the advantages that accrue from superior location 
with respect to market and transportation, then vre may expect that 
the quality and number of farmsteads and the general character of 
farming will reflect, in some degree, the productive quality of the 
land type Such a relationship is well expressed m Emmet County, 
where no area is at a marked disadvantage with respect to trans- 
portation and national markets It is felt that the an^ysis of farm- 
ing, the figures and discussion pertammg to the density of farmsteads, 
and the correlation between farmstead quality and the Ignd types 
have indicated the connections that exist A more detailed investi- 
gation would probably reveal closer relationships 

MioHiGAir Btati CoudBas 
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GEOPOLITICAL STRUCTURES IN 
LATIN AMERICA 


PRESTON E JAMES 

A STUDY of the distnbution of people in Latin America brings to 
light certam eurioiiH rclationshiiis between the population pat- 
tern and the pattern of politically organized areas Each political 
area, or state, has certain differentiated parts, such as nucleai con- 
centrations of settlement, outlying areas of settlement, borders and 
border zones, and othei distinct elements, which combine to form 
the mtemal pattern of the state This is what North American 
political geographers call ^^geopolitical structure^' * — the arrange- 
ment of the mtegral parts of a pohtic*ally organized area The study 
of these matters m Latin Amenca has been made only superficially, 
yet one might assume that the fundamental problems of estabhsli- 
ing coherent and orderly states among elements of population which 
are so strongly discordant would be reflected in the mtemal arrange- 
ment of pohtical areas Such a reflection is, m fact, clearly to be 
observed, especially m those five countnes — Mexico, Guatc*mala, 
Ecuador, Peru, and Bolivia — which arc today occupied by a popu- 
lation that IS more than half Indian 

BTHPLE BBLATTONS BETWEEN POPVI^ATJON AND POLITICAL ABBA 

In most parts of Latm Amenca where the native peoples were 
not established in concentrated settlement before the ar^val of the 
Europeans the pnisent geopohtical structures are simple and ele- 
mentary Certam of the Latm-Amencan nations are composed of 
only one central core of dense settlement, without even one other 
outlying region of settlement This is the pattern to be observed m 
Chile, m Paraguay, m Uniguay, and m El Salvador In Chile the 
subdivisions of the nation are so ummportant m terms of local ad- 
ministration that the boundanes can easily be shifted for the pur- 
pose ci securing advantages m the national elections In the last 

^ Whittlesey, Derwent, Th€ Barth and the StaU (New York, 1089) 
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fifteen years they have been changed so frequently that the Chileans 
themselves scarcely know in what province they live 

Most of the Latin-Amencan countries, however, are composed 
of more than one nucleus of concentrated settlement Brazil, for 
instance, has twelve such nucleuses The major political subdi- 
visions of Brazil are generally organized around one of these areas of 
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concentrated settlement (Fig 1), and the state borders are ordinarily 
drawn through the thinly populated country between the clusters of 
people The exceptions are in the southeast and m the northeast, m 
both of which regions the ongmal nucleuses of settlement in each 
state were once separate, but have now expanded and filled the m- 
tervening ureas 

The relation of the clusters of people and the lai^ger pohtical 
subdivisions — the departments — of Colombia is especially clear 
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871 



(Fig 2) There are fifteen departmrata m Ckilombia and fourteen 
chief areas of settlement Only two of the departments are occu- 
pied by more than one cluster of people, and only one of the clusters 
spreads across departmental borders. The area of concentrated 
settlement which crosses a border is m the Antioquia regum, where 
the former single department of Antioquia has been divided mto 
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two the Houthem part now being known aa Caldas Otherwise the 
relationship between population pattern and political area is simple 

BUPEBIMPOSED BOUNDARIES IN LATIN AMERICA 

IlluHtrations of the kind of geopolitical stnicture described above 
can bo found in all part^ of Latin Arnonca — from northern Mexico 
to Patagonia This is one of the prevailing chaiaci eristics of the 
twenty states to the south of the Unit(Ml States But there are 
((Ttain exceptions, wheie political Ixiundanes aio drawn thiough 
the midst of densfdy populated areas and where political areas are 
made up of the separate parts of difFen'iii zones of eomontiated 
settlement 'Fhese exceptional aieas must not he confused with the 
places where population expansion has led to the formation of zones 
of dense settlement on eit her side of a boundary after the establish- 
ment of the boundary — as m parts of Brazil In the areas we aie 
about to describe the boundaries were diawn after the present popu- 
lation patterns were already in existence 

There are three places in Latin America where international 
boundaries of this sort can be observed They are all in the Andean 
countnc's of South America between Colombia and Venezuela, b(»- 
tween Colombia and Ecuador, and in the Titicaca basin, between 
Peni and Bolivia^ The description of one of these areas — the 
border between Colombia and Ecuador — will suffice to illustrate 
the processes which liave been operating 

Thi EsiahlishmerU of the Colombior Ecuador Border 

The boundary between Colombia and Ecuador in the highlands 
passes through the cent<*r of the basin of Tulc4n, an area of rela- 
tively dense Indian f»'ttlement Actually this boundary is found to 
be superimposed That is, the pattern of population was already 
established by the Indians before the anival of the Europeans, but 
this Indian group was disregarded when questions of national ter- 
ritory were Ijeing discusstKl The Indian communities were not at- 
tached to the central nucleuses of the new states by the process of 
accretion, on the contrary, the Spanish colonists developed their 
own pattern of settlement, drew their own boundaiies, developed 
their own concepts of nationality, while the Indians were treated es- 
sentially as if they were a part of the physical environment, a part 
* James, P K , Latin Ammca A Human Chography (New York, XMl). 
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of the land Two rulturea have been occupying the land together 
for four centuries, without any signs of effective blending 

When Bolivar's Greater Colombia began to break up afU'r 
freedom from Spam had been established, the sentiment foi local 
autonomy which led to revolt and separation was fostered by 
the Europeans and tlu' stnmgly Europeanized mestizos, not by the 
people of the Indian communities Nutionahsm and national 
boundaries are concepts which weie bevond the lange of Indian ex- 
perience The sentimimt for political indepimdem e was strongest m 
the central nucleuses in Bogotfi and Quito The position of the 
dividing line, which separated the territory adhenng to BogotA from 
the territory adhering to Quito, was delermiiiid moie by conditions 
m the political centers than hv the local anangements along the 
border The Houthern part of what is now Colombia, which had 
origmally been colomzcd bv Euiopc^ans from QuiU), might have 
become a part of Ecuador had not a revolt m the Ecuadorean c apital 
given the armies from Bogotfi. the advantage at a critical momtmt, 
which they accepted by pushing southward into tenitory formerly 
administered from the rival centt'r 

When it came to agreeing upon a line of demarcation between 
Colombian and Ecuadorean territory, the easiest natural feature to 
select, m the absemee of good maps, was a river There* seemed to 
bo no need to insist on keeping a community of Indians wholly 
withm one country or another Although there is a scantily occu- 
pied mountain ndge just south of Tulcfiii, this natural feature was 
neglected To divide a community of Europeans m such a maimer 
would have led to many complications, but to the Indians of the 
basin of Tulc^, the matter remains of small importance The 
local inhabitants pass freely across the line, scarcely comprehending 
that their blood brothers on the other side are somehow different 
from themselves The boundary was superimposed on the Indian 
commumty by the people of another culture, the two modem states 
of Colombia and Ecuador were built by a colonization which simply 
disregarded the arrangement of people m the scantily colonized, but 
already densely settled, border zones 

The Pfovincea of CerdrdL Peru 

A Buniiar process account for certom of the geopolitical struc- 
tures of the major political subdivisions of central Peru The two 
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provinces of Junin and Huancavebcs (Fig 3) divide the area of 
dense Indian settlement centering on Jauja and Huancayo The 
two provinces were not originally one, now separated because of the 
spread of settlement, as is true of Antioquia and Caldas Ihe Indian 
settlement around Jauja and Huancayo was long established when 
the Spaniards first amved on the seme But the Spaniards were 
mterested in mining, and the chief Spamah towns were located near 
the mmes Cerro de Pasco was a great silver^roduoing communis. 
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and Huanoavehca was one of the chief sources of morcury, which was 
of importance in the process of silver and gold mining throughout 
Spanish colonial America The political divisions of the Spaniards 
were organised around the foci of Spanish colonization — that the 
boundary happened to cut through the center of Indian concentra- 
tion was a small matter 

The States of the Central Area of Mexico 

A similar situation can be observed in the relationshi|)s between 
state borders and population centers m the central area of Mexico 
(Fig 4) The state of Jalisco, to be sure, has a simple geopolitical 
structure, formed around a nucleus of concentrated settlement focus- 



ing on Guadalajara But the other states between Jalisco and Vera- 
cruz show a notable lack of harmony with the pattern of people 
The origin of this confusion seems to be similar t6 that sug- 
gested for central Peru The political subdivisions of Mexico — the 
states — were delimited on the basis of the colomal administrative 
areas, organized around the centers of Spanish settlement When 
the modem states were created m 1824, the boundaries followed 
fairly closely the former pohtical and ecclesiastical units But the 
centers of Spanish colonisation in the sixteenth century were the imn- 
mg towns, most of which were not established m the areas of concen- 
trated Indian population Only Guadalajara, Toluca, Mexico City, 
and Tlaxoala, m the central region, were locat^ in the midst of well- 
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populated country The other towns — Aguascahentesj Guana- 
juato, Quer^taro, Pachuea, Puebla, and Morelia — were mostly 
situated on the mountainous borders of the basins, and Indian workers 
were brought to these new places to labor m the silver mines With 
the decline of mining prosperity in many of the older towns, the 
political cenl/crs of th(* states have actually decimed m population, 
and new towns, located this time m the zones of dense settlemont, 
have started to grow 

This situation is illustrated nicely by the town of Guanajuato, 
which forms the political center, but not the population nucleus, of 
the state of Guanajuato The old Spanish mining town of Guana- 
juato had a population of 70,000 in 1880, but of only 16,000 m 1930 
Meanwhile the towns of Cela>a, Irapuato, and Le6n are growing 
rapidly These ait* m the midst of the area of concentrated settle- 
ment and have come into prominence only in the modem period 
But the state boundaries were drawn with reference to the Spanish 
pattern of seltlement Only Jalisco and Tlaxcala were based on 
Indian culture areas Jalisco, with its central town of Guadalajara, 
which was both a mining community and the center of a nucleus of 
settlement, has remained simple in structure Tlaxcala has lost its 
onginal identity by expansion into neighboring Puebla 

CONCIUBION 

These ptKJuliarities are of interest because they form exceptions 
to thc> pievailmgly simple geopolitical structures of Latm- American 
states They are of mteiest also because they offer a previously 
unnoticed example of the geographical results of historical processes, 
and because they liear witness to the notable lack of adjustment be- 
tween the cultural features deveioiied by the Indians and by the 
Europo^s in tlie same areas But do they have any other im- 
portance? Do they throw hght on any principles m the evolution 
of human institutions which would mcreasc our imderstanding of 
social processes? Is there any practical significance m terms of the 
nature of the political, social, or economic problems of living in 
these regions? Are there any associated phenomena which would 
be clarified by recognizing the exceptional character of these areas? 
The geographer, as a social scientist, cannot be unaware of the chal- 
lenge contained m these questions 

Umxvbbbttt or Michigan 



EFFECTS OF THE GREAT LAKES ON THE 
ANNUAL MARCH OF AIR TEMPERA- 
TURE IN THEIR VICINITY 

JOHN IJSIGHLY 

I N THE prcbont paper, particularly in the mnes of maps included 
in it, Figures 1-16, 1 report an investigation of the tliermal in- 
fluences of the Laurentian Great Lakes on the annual cycle of air 
temperature over the lands about them It is the sequel to a less 
thorough examination of maritime mfiiiences on the annual march 
of air temperature m California that 1 made a few years ago ^ Cali- 
fornia faces m only one direction toward the body of water that 
affects air temperatures over it It is, moreover, a mountainous 
country, in which the effects on air temperature of mountains, con- 
sidered both as elevations of surface and as barriers to the circulation 
of air, are often inextricably mingled with the effects of the ocean 
A clearer expression of the thermal effects of a water body might be 
gamed, it seemed, from the examination of temperatures in an area 
of less marked relief An ideal subject for investigation would bo an 
island of appropriate area and low relief, the temperature data from 
which mi^t be compared with those from over the surrounding 
water, I have not had access to temperature data from any such 
island* 

The next best material for such an mquiry, it further seemed, 
might be provided by the surroundings of a lake or a group of lakes 
of sufficient ease and situated in a region of low or moderate relief 
The surroundmgs of the Laurentian Great Lakes offer perhaps as 
good a field for examination of the phenomena to be mvestigated as 
may easily be found The Great L^es aro large enough to exert a 

1 “The Extremes of the Annual Temperature March with Particular Refer- 
ence to California," Vntv Calif Puhl %n Cfeog , 0 191-234 1638 

> Stephen Jones, of the Umversity of Hawaii, has made an inquiry into the 
marine influences recognisable in the annual march of oir temperature m the 
Hawaiian Islands Only an abstract of h» work, “Lags and Raafl^ of Tempera- 
tore m Hnwau," has os yet been puUhshed (Btdl Am Afetsoroi Soe , 21 824 
1940) 
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measurable thermal effect, the land about them is of low or moderate 
relief, and abundant climatologir data arc available from stations m 
their vicinity As will appear lal^sr, the “marine” — or, better, 
lacustnne — effects on the annual temperature march about them is 
not entirely uncomplu ated by factors other than the simple turnover 
of heat in them, but these suiienmposed factors are not r>onspicuouH 
about the middle and lower lakes of the system, Lakes Michigan, 
Huron, Erie, and Ontario 

The general pnnciples governing the thermal effects of a body 
of water on the air above it, and through advc^ction on the air above 
adjoining land, are set forth in the paper cited in footnote I, and re- 
quire no more than a bnef recapitulation here Among “active” 
surfaces exposed to solar radiation and to loss of heat to the atmos- 
phere and to space the most conspicuous contrast in nature is that 
between surfaces of land (solid) and of water (liquid) The water 
at surfaces of lakes or oceans being in more or less intense turbulent 
movement, the heat produced by absorption of solar radiation is 
transmitted downward to a depth dependent upon the mtensity of 
turbulence in the surface layer of water It is thus imparted to a 
mass of matter having a much larger heat capacity than has the thm 
layer of soil or rock to which the same amount of heat derived from 
solar radiation fallmg on land is imparted Hence, although the 
amount of radiation absorbed by an open water surface is probably 
on the average slightly larger than that absorbed by a land surface, 
the surface itself, upon which the overlying air depends for most of 
its heat, remains cooler than the surface of the land The heat ac- 
cumulated below 18 available in winter, however, to mamtam the 
Burfa(*e at a notably higher temperature, against the loss of heat to 
cold air and by outward radiation to space, than can be maintained 
by a land surface under the same conditions Eiiicient storage of 
heat in summer requires tliat it be distnbuted through a large 
quantity of matter having a high specific heat It is further essential 
that the temperature of the matter to which the heat is unparted 
remain relatively low, since the higher the temperature attained by 
its surface the greater will be the loss of heat to the atmosphere and 
to space during the warm season, and hence the less will be available 
to mamtam the temperature of the surface m winter 

Ai^roximate equahty m insolation and transparency being as- 
sumed, differences between different water masses m their effective- 
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ncBs BS seasonal rcsorvoini of heat depend upon differences m the 
intensity of turbulent movement m their surface layers Trans- 
mission of heat downward into a body of water through the turbulent 
mixing of warmed surface water i^ith cooler water below is a process 
that requires the expenditure of energy, since a column of water 
warmed at the top is highly stable In lakes this energy must be 
supplied from outside the water body itself, almost entirely from the 
shear exerted on their surfaces by iMiid Thus heat storage m a large 
lake, over which there is a long wind fetch, is greater than in a small 
one, and the stronger the circulation of air over the lake the deeper 
will turbulence extend and the more effective will be the storage of 
heat in the body of water 

The measure of the thermal effect of a water body on the air 
above it is tlic excess of its annual heat turnover above the heat 
turnover in soil exposed to the same annual march of insolation 
Few measurements of this quantity are available An indirect 
measure may be derived from the qualitu^s of the annual temiieiaturc* 
march in air above the water and above neighboring land Tempera- 
ture ob^rvations from above water bodies also are scarce In the 
process of circulation of the atmosphere, however, there is an mtei- 
change of air from above adjacent water and land surfaces, so that 
marme or lacustrine thermal effects extend to adjacent lands, be- 
coming less distmct with mcreasing distance from the shore Un- 
doubtedly a reciprocal “contincntaU' effect of the land on the 
thermal regime of the air above the water also exists Such data, 
therefore, as are represented on the accompanying maps provide, 
if they can be rightly mterpreted, a measure of the effectiveness of 
water bodies as reservoirs of heat 

All the elements of the annual march of air temperature over 
lands near bodies of water are affected by the heat regime of those 
bodies If the march of insolation is the same the daiV increase m 
income of solar radiation m spring produces a more rapid rise m the 
temperature of the land surface than in that of the water surface 
As the maximum of the annual march of insolation passes with the 
summer solstice, the land surface attams a higher maximum tempera- 
ture than does the water The maximum of the annual march of 
temperature at the water surface is delayed longer after the maxi- 
mum of the curve of msolation at the summer solstice than is the 
maximum of the march at the land surface 
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In the declining pliaso of the annual inarch, m autumn, both 
water and land lose heat more rapidly than they receive it by absorp- 
tion of solar radiation, and ti^mperatures fall throughout the depths 
affected by the summer heating The large amount of heat ac- 
cumulated below' the water surface, and the easy transfer of this 
heat to the coohng surface by free convective ovc^tuming, make the 
rate of coohng at the wntei surface less than at the land surface 
The mmimum attained at the trough of the annual wave of tempera- 
ture 18 therc'fore higher The minimum of the temperature march 
over w'ater, like the maximum, is delayed longer after the winter 
solstice than is the mimmuin at the surface of the land The differ- 
ence between the maximum and minimum of the annual march of 
temperature is thm’fore less at the watc'r surface, with its lower 
maximum and higher minimum, than at the land surface The 
layers of air close to the surfaces of water and land, which follow 
closely the temperatures of their substrata, display the same qualities 
of annual marc*h of temperature, though in less extreme degree, as do 
these surfaces themselves 

THE ARRAY OF DATA 

Measures of the qualities of the annual march of temperature 
just enumerated — rate of use in spring, temperature and date of 
maximum, rate of fall in autumn, temperature and date of minimum, 
and annual range - - obtained from mean air temperatures from more 
than four hundi*ed stations at greater or less distances from the 
Great Lakes, are presented by means of isarithms m Figures 1-7 
The area used in the basc> map for those figures as “the vunuty of 
the Great Lakes'* was taken generously, so as to insure that all the 
area withm which the lakes exert a jicrceptible thermal influence 
appeared and that sufficient territory m addition was mcluded to 
obtain a representation of the courses of the isarithms outside the 
area of lacustrine influence In selecting stations preference was 
given, where a choice was possible, to ones m smaller places m the 
neighborhood of large cities over those in the cities themselves 
Records shorter than twenty years were used with reservation No 
reduction to a common period was made * A denser net of stations 

* Mean temperatures taken fruin the Chmalte Sttmmary of ihtt UntUd SUUea 
hy usued by the United Statee Weather Bureau (edition giving means 

to 1980), were used directly for the parte of the Umted l^tee mduded in the 
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was used m the immediate vicinity of the lakeH Uian at greater 
distances from them 

Rate of rise of temperature m spnng is indicated in Figure 1, a 
map of difference between the mean temperatures of April and May, 
and rate of fall of temperature m autumn in Figure 4, by difference 
between the mean temperatures of October and November Such 
quantities arc not the best measures of rate of change in mean temper- 
ature that might be used A bettc*r measure would be the slope of the 
annual temperature curve at its steepest |X)ints in spring and autumn, 
expressed os degrees change per unit of time In order to obtain 
these quantities it would be necessary to draw smooth curves of an- 
nual temperature march from montlily means, to identify the pomts 
of steepest slope, and to measure the inclination of the curves at those 
points Each step m the process would be strongly affected by 
personal judgment The differences between monthly means used in 
Figures 1 and 4 have the advantages of being easier to compute and 
of being free from any subjective quality 

Figures 2 and 5 are maps of mean daily temperatures at the 
maximum and at the minimum of the annual march These tempera- 
tures wei'e obtained by interpolation from monthly means with the 
aid of the diagram published as Figure 15 of the paper cited m foot- 
note 1 Figuies 3 and 6 represent delays of the maximum and the 
minimum of the annual march after the summer and winter solstices 
They were obtamed from monthly means by use of Figures 9 and 10 
of the paper just mentioned Figure 7 is the difference obtained by 
subtracting the data of Figure 5 from those of Figure 2 

Isanthms drawn on the lake surfaces arc broken to indicate the 
uncertainty of their courses In most instances these isanthms do 
not represent, as may appear at first glance, extrapolations beyond 
the values pertaining to coastal stations On Figure 1, however, the 
closed isonthm of 9’’ on Lake Superior and that of on Lake 
Huron do represent slight but not unreasonable extrapolations the 
former beyond 92* at Eagle Harbor, Michigan, the latter beyond 
10 3* at Harbor Beach and 10 b* at Hamsville, Michigan, and be- 
yond 10 5* at Qodench and 10 9* at Southampton, Ontario 

haw map Data for Canadian atatioiiB were token from the Monthly Record 
Mdeorologtctid Ohnmaftona, publ»hed by the Canadian Meteorologicid Division 
1 am indebted to Mr J Patterson, Controller of the Meteorological Diviidoa, for 
information oimoenung lengths of records at Canadian stations, which is not 
given in the Monthly Record 
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DISTRIBUTION OF THE ELEMENTS OF THE ANNUAL MARCH 

Into the maps reprodurod in Figures 1-5 the Great Lakes mtro- 
duce a characteristir pattern of distortion of the isarithms This 
distortion appears most uneciuivocally and in greatest detail to the 
south and west of the lakes, where stations are closely spaced and 
relief negligible North of the upper lakes the sparseness of stations 
makes the detailed coursers of the isarithms uncertain, but stations 
are sufficiently numerous to permit their general courses to be easily 
recognized 

Outside the neighborhood of the lakes the fields of distnbution of 
the elements of the annual march of temperature are most disturbed 
toward the southeast Certainly the Appalachian highland crowds 
closely upon the field of distortion of the temperature march by the 
lakea, especially m winter It is also possible that the influence of 
the Atlantic may extend inland to overlap m this mountamous area 
the effects of the lakes The seriousness of this diffi(*ulty is mitigated 
by the fact that the bodies of water most immediately concerned, 
Lakes Ontano and Ene, are also those whose thermal influences close 
at hand are weakest, the mfluence of the mountains and the Atlantic 
may therefore also be expected to be correspondingly restricted in 
area 

Outside the fields of distortion produced bv the lakes the chaiac- 
tenstic pattern of the isanthms m Figures 1, 2, 4, and 5 is a gradation 
of the quantities mapped, the gradients of the fields of the elements 
bemg oriented north-south In Figures 1 and 4 this gradation re- 
flects the qualities of the annual march of temperature summarized m 
the familiar increase m annual range of temperature with mcreasing 
latitude Other factors than latitude are, however, mvolved In 
Figure 1, the locus of most rapid warming is m the northeastern part 
of the area mapped, whereas m Figure 4 the locus of most rapid 
cooling IS in its northwestern part Probably this difference reflects 
pmnariiy differences between sprmg and autumn in water-vapor 
content of the air These differences m turn are dependent on the 
importation of mantune air Within the area covered by the map 
the prmcipal source of mantime air m winter is the Pacific Ocean, 
in summer, the Atlantic The locus of greatest contmentahty there- 
fore shifts with the seasonal change from spring to autumn 

The isotherms of temperature at the extremes of the annual 
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march drawn m Figures 2 and 5 display no noteworthy asymmetry 
with respect to a meridian If the distortions introduced by the 
Great Lakes be thought of as absent^ the pattern of isotherms in both 
extreme seasons would clearly be^ in this part of North America, a 
pattern of roughly parallel hnes, convex southward It is to be 
concluded from this pattern that the region about the Great Lakes 
would be the most continental part of the area represented in the 
base map, both m summer and in winter, if the lakes were not there 

EVALUATION OP THE EFFECTS OF THE LAKES 

The presence of the Great Lakes introduces a conspicuously 
heterogeneous element into the surface of the continent considered 
as an active surface maintainmg a heat exchange with the sun, the 
atmosphere, and space The lakes therefore deform the field of 
surface temperature and hence the field of air temperature over the 
region in which they he The deformation of the temperature 
field of the air introduced by them is recognisable m Figures 1~7 
first by a bending of isanthms from the courses they would have if 
the surface of the continent were not interrupted by the lakes and 
secondly by the mtrusion of closed isanthms lying over the lakes 
and the land in their immediate vicinity Because it is rather easy to 
rccogmse the courses the undisturbed isanthms would follow across 
the area m w^hich they are m reality distorted by the presence of the 
lakes 1 have ventured to draw them m Figures 8-14 

The maps reproduced m Figures 1 7 have counterparts in Figures 
8-14 In prepanng these latter maps the isanthms in Figures 1-7 
were connected across the region about the lakes where they are 
distorted In Figures 8- 14 those parts of the isanthms of the first 
seven figures that were accepted as undistorted arc drawn with long 
dashes 1'he parts interpolated across the distorted fields are drawn 
with short dades A certain amount of aubjectivitv is involved in the 
construction, more in some instances than in others Figure 5, with 
Its close spacing of isotherms, was the easiest to interpolate, and the 
subjective element m Figure 12 is therefore correspondingly small 
It IB also small m Figure 14, derived from Figure 7 As the pattern 
of undisturbed isarithms on the pnmary maps becomes less evident, 
as in Figures 3 and 0, the subjective element in construction of the 
undistorted fields becomes larger 

When the isarithms defining the undistorted fields of the elements 
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of the annual march of temperature had been drawn, subtraction of 
these undiBtorted fields from the actual distorted ones reprewnted in 
Fifjrures 1-7 gave the isarithms shown as heavy full lines in Figures 
8-14 Subtraction of the fields was perfomud graphically The 
isanthms of the undistortcd fields wore drawn on sheets of tracing 
paper which were then laid over Figums 1-7 Wherever one of the 
undistortcd isanthms crossed one of the actual isanthms on tlic pn- 
raary map the difference between the numerical values of the un- 
distorted and the actual isanthms was marked down at the point of 
intersection Thereby the differences lK'ti\een tlie two fields were 
obtained at a niimlier of points, m the same manner as all climatologic 
data, primary or derived, are given Isanthms were then drawn 
among these points to indicate the complete fields of effect of the 
lakes on the several elements of the annual temperature march, in 
the manner n'prescnted in Figures 8 *14 Since the umlist^irted 
isanthms run across land and water surfaces alike, some points of 
intersection, and hence points at which differences between distorted 
and undistortcd fields were determnuHl, came to he on the lake 
surfaces themselves These points gave rise to ( losi'd isanthms lying 
wholly inside the iieriplieries of lake surfaces, as in Figures 8, 10, and 
14 I estimate that the subjective element involved m drawing the 
isanthms of the undistortcd fields makes the data of P'lgures 8 14 
uncertain by not more than one interval between the isanthms drawm 
1 shall not comment on the details of the distribution of intensity 
of the thermal effects of the Great Lakes n*corded m Figun's 8-14 
It will be obvious to the reader that the position of the zero lines, 
which presumably mark the outer limits of thermal effect of th(> 
lakes, IS particularly uncertain As drawn, these hues repiesent no 
more than my judgment os to wdiere, m the courses of the isanthms 
of Figures 1-7, inflection resulting from the presence of the lakes 
begins and ends 1 have therefore drawn them as hghtec Imes than 
aro used for the other isanthms Some common qualities nm through 
all the seven maps Lake Supenor generally exerts a stronger effect 
on the elements mapped than does any of the other lakes Lake^ 
Huron and Michigan come next m strength of effect, having values 
usually not far below those of Lake Superior Erie and Ontario 
fall for behind the upper lakes on every map 

Because each map of the senes reproduced in Figures 8-13 in- 
eJudes on uncertainty resulting from the subjective element mtro- 
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duc-ed m the procoHH of itn construction, I have combined in Figure 15 
the several “effects” into two groups designated “summer” and 
“winter,” in the belief that some of the uncertainty of the construc- 
tion might thus be canceled Summer effects are derived from Fig- 
ures 8 10, winter effects, from Figures 11-13 An appropnate value 
on the ongmal scale was assigned to the pomt of maximum at the 
middle of the area enclosed by the isanthm of highest value on each 
map, and then given the value five on an arbitrary scale The 
maximum of the arbitrary scale being thus taken at five, isanthms 
for one, two, three, and four on this arbitrary scale were interpolated 
among the isanthms of the ongmal maps The sero isanthms were 
of course the same as on the original mafis Thus the data on all 
three of the original maps pertammg to one season were put into 
a comparable scale of variation The corresponding isanthms — 
zeros, ones, twos, threes, and fours — were then traced separately 
on tracing paper, and a median isanthm drawn for each These 
median isanthms were then transferred to the map in Figure 15 
Wmter isanthms on it thus measure the processes pertaining to the 
fall of temperature to its minimum, summer isanthms the processes 
pertaining to its rise to a maximum In accordance with the more in- 
tense circulation of wmter, the mean winter effect is distributed over 
a wider are^, and more nearly evenly over it, than is the mean sum- 
mer effect The summer effect is more sharply limited m area, having 
a marked concentration over Lake Supenor, which reflects especially 
the concentration represented m Figure 10 

In Figure 16 the data of Figure 15 are generalized still further, in 
the form of circles having areas equal to the areas enclosed by the 
zero isanthms of the preceding figure The “ mean effects ” over these 
circles were obtamed by mcasunng with a planimeter the areas 
enclosed within the several isanthms of Figure 15, each area being 
weighted according to the mean of the two isanthms bounding it 
Their sum was then distnbuted over the entire area enclosed by the 
respective aero isanthms and by the equivalent circles The weighted 
means are the values 1 43 and 1 08 entered in Figure 16 Though the 
annual heat turnover involves the accumulation in summer and dissi- 
pation in winter of the same quantity of heat, the effect of the release 
of heat m winter is more conspicuous m the temperature regimes of 
the land stations than is the effect of its accumulation in summer 
The difference is probably the consequence of more intense honzontal 
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mixing in winter than m summer, combined with greater general 
stability of the air at the former season The heat exchange in 
summer is evidently mure higlily concentrated m the air immediately 
above the surfaces of the lakes, and so affects the temperatures of the 
land stations less profoundly than does the winter phase of the heat 
turnover 

The circles representing seasonal “effect” of the lakes m Figure 16 
are centered at the median points of the areas enclosed by the 
isanthms of Figure 15 These median pomts were found by the 
usual pro(‘edure Trial < oordinatc axes, the F-axis a mendian, were 
drawn by estimate Then with the aid of a planunetcr the weighted 
total effect iii each of the (luadrants thus defined was determined 
By balancing the weighted totals to nght and leit of the F-axis and 
alxive and below the X-axis, the axi's were next shifted so as to 
divide the fields equally m both directions The points of mtcrsection 
of these final axes an' the median points in Figure 16 The median 
point of the area of the lakes was determine<l in the same manner ♦ 
The median points of the total effects m both summer and winter 
he north of the median point of area of the lakes, but at no great 
distance from it The median point of the summer effect, “MS,” is 
in about the same longitude as the median point of area of the lake 
surfaces, whereas the pomt “MW” lies slightly farther to tlie east 
I made this construction in order to determine to what extent the 
resultant wmd vector, which is directed eastward at botli extreme 
seasons (arrows “8” and “ W” of Figure 16) transports the thermal 
effects of the lakes eastward The transport is less than might be 
expected But the positions of the median pomts may not be an 

* Meaauremenis for determining the median pomt of the water area of the 
lakes were performed on a pantographed reduction, to half the sede, of the 
Corps of EngineorB* '^General Chart of the Northern and Northwestern lakes'* 
(scale, 1 1,200,000), (1026 ed ) In the course of these measurements 1 also 
determined the median pomt of the volume of water in the five' Groat Lakes, 
using Uie isobaths of the chart just mentioned Though the result has no beonng 
on the matter of the present piqier it may be of some general interest The 
median point of the volume of the Great Lakes, 1 found, is in latitude 46° 62' N , 
longitiide 86° 47' W , about thirty-four miles north and shghUy west of Munismg, 
Michigan, thus well within the area of Lake Superior The part of Lake Supenor 
lying north of the east-west axis passing tfamui^ this point thus contains as 
much water as all the other lakes combined, and in addition an appreciable froo^ 
tion of the volume of Lake Supenor itself Few other facts emphasise so strongly 
the comparative capacities of the basins of the lakes, m which the greater average 
depth of Lake Superior gives it an advantage not immediately evident from Its area 
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entirety adequate measure of the transport of the thermal effects of 
the lakes by the circulation of air over and about them Certainly 
if I^ake Supenor did not weigh so heavily m the computation of the 
positions of the median points, especi^ly that for summer, they 
would he farther east and farther south The ecoentncity of the 
aero isarithms m Figure 15 is not, however, so great as might be 
expected The circulation of the air about the lakes, it is clear, is 
sufficiently variable to carry tlieir thermal effects m all directions, 
with only a moderate dominance of the eastward net transport^ 

THKORKTICAL C'ONSIUEBATIONB 

The primary effect of a water body on the march of temperature 
in the air above it depends upon the storage of an appreciable fraction 
of the heat produced by absorption of the solar radiation that falls 
on it during the summer, and the liberation of that heat to maintain 
the temperature of the overlying air in inter Liberation of heat in 
winter is not prevented bv a cover of ice, for it proceeds, though 
})erhaps at a slower rate, through an ite cover as well as when the 
surface of the water is unfrozen Examination of Figures 12 and 13 
discloses no systematic difference between the thermal effects of the 
normally frozen surfaces of Lake Supenor and the northern parts 
of Lakes Michigan and Huron on the one hand and those of the less 
frequently frozen lakes farther south From these maps, and from 
Figures 8, 9, 11, and 14, it appears that the effect of any one lake 
vanes directly with its area and mversely with the temperature of 
the air over the laud surface about it 

The same generalization cannot legitimately be made concerning 
the effect of the lakes on the delay of the maximum of the annual 
temperature march, recorded in Figure 10 The influence of Lake 
Supenor is here grossly dispniportionate to the ratio of its area to 
the areas of the other lakes Some factor other than heat turnover 
and wmd fetch is clearly active in summer over this largest and 
coldest of the lakes 

* The resultant wind vectora drawn m Figure 16, with lengths preportioiml to 
mean vdooity m the summer and winter quarters of the year, are computed from 
means of the resultants at the surface, at 500 meters, and at 1,000 nurters at the 
statuxoe composing Group 2 (Burlington, Vt , Ithaca, N Y , Lansing, Mich , 
and Madison, Wis ) of the arrangement of material m Wilhs Hay Gregg's “An 
Aerologicia Survey of the Umted States, Part II, Results of Observations by 
Means of Pilot Bf^oons,” Monthly Weather Rev , Buppl 26 57 1026 
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It IS not necessary to seek far for a cironmstance that aiTects the 
heat economy of Lake Bupenor in summer to a greater degree than 
the heat economies of the other lakes The key to its identification is 
given in the data of frequency of fog over the lakes, which have been 
compiled and mapped by Robc'rt O Stone • Fog over the Great 
Lakes is pnncipally a phenomenon of the warm season, the conse- 
quence of a reduction of the temperature of air from atxive the 
flurnmnding land by the cool waters Among the laki^ the difference 
between air and water temperatures is largest over Lake Bupenor, 
and the frequency of summer fog over it consequently greatest 

In the absence of measurements of solar radiation there is no 
way of knowing how the annual curve of insolation is distorted in 
summer by fog over Lake Superior, that is, to what extent and in 
what sense its maximum is shifted from the summer solstice There 
may be some such asymmetry of the insolation curve in summer, 
but it IS not necessary that it be osymmetiical m order that the 
temperature curve ma> be so 

The empirical evidence of observed annual temperature curves 
shows that progn'ssivc flattening of the curves at cither extreme is 
normally assotiated with an increase m the delay of the extreme 
In the paper cited in footnote 1 I have presented the reason for this 
association, in so far os the march of temperature is determined by 
heat turnover in the immediate substiatum, whether earth or water 
The relation is not quite so obvious where, as over the land areas 
about the Great Lakes, the heat exchange of the climatologic air 
that manifests itself in tlic maps of effect of the lakes is maintained 
primarily by horiaontal components of turbulent mixing m the 
atmosphere Some further elucidation is m order 

Let the curve h m Figure 17A represent the rate of absorption of 
insolation near the mmimum of its annual march by an active 
terrestrial surface This curve does not represent total, insolation, 
such as IS measured by a solanmcter, but that fraction of the total 
which IS absorbed, a fraction that depends on the albedo of the 
surface It will here be called “effective insolation ” llie tempera- 
ture of the surface to which daily amounts of heat are added at the 
successive rates represented by the curve tends constantly toward 
equilibrium with its income of radiant energy While the insolation 

■ **Fog in the United States and Adjacent Regions/’ (kog Rof , 26 111-134, 
fig I (p 112) 1236 
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curve IS falling, the surface is too warm to permit that equilibrium 
to be attamed, and therefore it is not attained until after the msola- 
tion curve has passed its minimum, and started upward again The 
change in temperature implied b> the tendency toward eciuihbnum 
at this time of year is a fall m temperature of the surface, as a conse- 
quence of which heat is transferred to the surface from the underlying 
substratum Since at the mmimum of the annual march of uisola- 
tion the loss of heat from the substratum has been in progress for 
several months, the amount of heat being brought to the surface is 
below tlie maximum transfer of some months earlier, and this amount 
decreases daily with the progressive exhaustion of the supply ac- 
cumulated during the preceding summei The curve of supply of 
heat from the substratum therefore has some such shape as curve S of 
the figure, drawn as gam to the active surface, and so above the axis 
of abscissas 0 Curves such as S will here be called “curves of heat 
transfer ” If curves I\ and S represent the total amount of heat 
received by the active surface, this total is given by curve Qi, drawn 
by adding the ordinates of I\ and 8 If loss of heat proceeds normally, 
and if the amount of matter affected by the heat turnover remains 
constant, the curve Qi will also represent the march of temperature 
at the surface resulting from the reception of the quantity of heat 
(/i + S) It 18 clear that the mimmum of curve Qi must fall later 
than the mmimum of curve /j it is shifted to the right in the figure 
to the point, marked by a small arrow, at which the positive slope of 
/i equals the negative slope of 8 

If 8 represents the amount of heat delivered to the surface from a 
substratum in which there is a small turnover of heat — a substratum 
of dry soil or rock, for example — the curve representing the amount 
dehvered by a substratum having a large heat turnover, such as a 
large lake or the ocean, will be represented by a curve resemblmg S' 
Under the same assumptions made concerning 8 and Qi, tlis curve Q'l 
will then represent the march of temperature at the active surface 
In accordance with the steeper slope of curve S' as compared with 8^ 
the mmimum of the curve C'l, again marked by an arrow, falls later 
than the mmimum of curve Qi 

The same reasomng is applicable to the maximum of the insolation 
curve liavmg the shape of h, which is drawn as /» m Figure 17C 
At the maximum, heat is being transferred from the active surface 
mto the substratum, so that curves 8 and S' arc now negative, and 
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the algebraic sum of /a and 8 or 8* gives curvcN Qa and Q't respec- 
tively, which have lower maxima than /a I’he delays of the maxima 
of temperature, which dc|)end on the forms of the curves of effective 
insolation and heat transfer, are the same as in ligurc 17A 

The curve that rcpiesonts the heat economy of the matter that 
determines the temperature of the climatoiogic air is the sum of an 
insolation curve resembling cuives Ji, h, 7a, or 74 of Figure 17, and 
of one or more curves oi lieat transfer, indicated in Figure 17 by 
cui^ves 8 and jS' The matter with winch the climatoiogic air is most 
closely bound in its annual march of temfieratun^ is that which is 
exposed to form the local actively receiving and emitting suifate 
Since at the maximum of the annual march this surface is normally 
the warmest part of the systc^m within ^vhl(*h the local h<«at turnover 
proceeds, and its cxildest part at the minimum, the local curve of 
heat tiansfer at the minimum will normally be positive, as in 
Figure 17 A-B, and negative at the maximum, as in Figure 17 f I) 
The total heat transfer usually includes both “autochthonous” heat, 
produced locally and accumulated in the local substratum, and some 
“ allot hthonous” heat, produced by the absorption of solar radiation 
elsewhere and brought to the locahty under consideration by advec- 
tivc processes in the atmosphere or in water A pait of the heat 
produced locally in summei may m turn be transported elsewhere 
Thus the heat available tt) maintain the temperature of the local 
active surface and that of the supeijacent air in winter is normally 
partly autochthonous and partly allochthonous 

Whether the heat goes exclusively tlirougli a local cycle of heat 
turnover or is brought from elsewhere, the curves of heat transfer 
will have, on the average, the shape of the curves 8 and 8' in 
Figure 17 This shape follows from the fact that at the minimum 
of the temperature march the supply of heat available for transport 
to the loc^ climatoiogic tur, whether from tlic local substratum or 
from elsewhere, is well advanced in its hemicycle of depletion’ 

’ F Baur and H Philippa have publiahed in Figure 6 (p 131) of "I>cr 
Wfirmehauahalt der LufUiClle der Noidhalbkugcl im Januar und Juli und aur 
Zeit dar Xquinoktien und Solatitien 2 Mltteilung, Auaatrahlung, Gegenatrah- 
lung und mendionaler WOnnetranaport bei normnler Bolarkouatante” (Oerlandt 
BettrOffe cur Ckophynkf 46 82-132 1935) a curve of heat aooumulation through 
the year in the whole complex of soil, air, and aea m the northern homtapfacre, in- 
cluding both hemicydea, naindy, of accumulation and depletion It ia clear from 
thia curve that the amount of h^t accumulated in the bodiea of matter m which 
the hemiBphenc heat turnover prooeeda la at a maximum in late August and at a 
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The rate at which it ib delivered to the local active surface or to 
the local climatologic air is therefore decreasing at the time of the 
minimum of the insolation curve The date of the extreme of tem- 
perature depends both on the shape of the insolation curve and 
on that of the curve of heat transfer Given a certam shape of the 
insolation curve, the greater the rate of change of heat transfer 
(decrease at the minimum, increase at the maximum), the greater 
will be the delay of the extreme after the solstice The steepness of 
the curve of heat transfer will ordinarily vary with the amount of 
heat transferred m the c>our8e of the yearly turnover, since the length 
of the annual cycle is everywhere and always the same, whereas the 
amplitude of the curve of heat transfer increases with the total 
amount of the annual turnover of heat The greater the heat turn- 
over, moreover, the later docs the curve of local heat transfer cross 
the ordmatc zero and thus enter the hemicyole of opposite sign 
from accumulation to depletion m late summer, and from depletion 
to accumulation m late winter * Account was taken of this fact m 
drawing curves S and 8* m Figure 17 iS is made to reach the ordinate 
zero at the edge of the drawing, thus relatively soon after the solstice , 
whereas has at the same tune a finite value, positive or negative 
depending on the season The factors that determine the dates 
of the extremes of temperature are the slope of the curve of effective 
insolation near its extremes, and the slope of the curve of total heat 
transfer at the same time, not the amounts of heat provided by 
insolation and heat transfer Hence Uie same date of extreme may 
occur throui^ a wide range of temperature, and the same tempera- 
ture at the extreme through a wide range of date 

The shape of the insolation curve depends on latitude, cloudmcss, 
and albedo of the active surface Given an albedo that is approxi- 
mately constant throuf^ the year (a cond|Jtion fulfilled in snow-free 
regions), the extremes of the insolation curve became sharper with 
increaung latitude A wmter snow cover, by increasing greatly the 
albedo of the surface, increases the amplitu^ of the annual msola^ 
tion curve, and so makes the minimum sharper than it would be if 
the surface remained free of snow Clouding in wmter exerts the 


minimuiii in late February In this hemispheric mean the influence of the seas 
undoubtedly predominates over that of the oontments This consideratiQn was 
in mmd when curves S and 8* in Figure 17 were drawn 

• Con^iaie Figaie 7d-f (p 900), of the paper cited m footnote 1 
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same effect* In summer, on the contrary, cloudmeas blunts the 
maximum of the curve of effective insolation 

In Figure 3, therefore, the general decrease in delay of the maxi- 
mum northward toward a value about twenty-six days north of 
the Great Lakes may be mterpreted as the expression of a sharpening 
of the peak of the msolation curve toward the higher latitudes of the 
area mcluded m the map As the insolation curve becomes sharper 
with increasmg latitude, the temperature curve also becomes sliarper, 
and this change m shape of the temperature curve is accompanied 
by a retreat of its maximum toward the summer solstice The 
march of msolation has a blunter maximum in the lower latitudes 
of the map, temperature curves are also blunter, and the delay 
of the maximum is larger than in higher latitudes Thus over the 
land surface m general the distribution of delay of the maximum may 
bo rather simply interpreted on the basis of latitude and local heat 
turnover 

The field of delay of minimum of the annual temperature march 
represented in the parts of Figure 6 beyond tlie range of effect of the 
Great Lakes, on the other hand, reflects the influence of factors other 
than latitude and local heat turnover The most conspicuous of these 
are proximity to the sea at the right of the map and a snow cover 
in all the territory covered by the map except its lower edge and 
lower right comer ^ The insolation curve, therefore, must become 
harper northward withm the range of latitude mcluded m the map 
Yet the least delays withm the area covered by the map are in its 
southwestern port, which is oontmental m its relation to the sea, 

* The effect of a snow cover is not reoognbahle in records of measured 
insolaiion. That of a cover of cloud or feg is* Among the stations in the Umted 
States for which means of insolation measurements are available Fresno, Cali- 
fornia, provides the best example of the effect of fog at the minimum of the 
annual march In the San Joaquin Valley the dense and persistent valley fogs of 
wmtar leffeot a large fraction of solar radiation, so that the curve of Fred’s 
mean radiation income in winter has the sharpest mimmum of any station in the 
United States for which comparable data exist Compare die summary made 
by Irving F Hand in “Review of United States Weather Bureau Solar Radiation 
Inve8tigatioiM,“jrofrfUy 415^1 1087 

u Compare the map of mean number of days per year (not necessarily con- 
secutive) with snow cover pubUshed as Figure 75 (p 43), in J B Kinoer’s “Fre- 
midtation and Humidity/* AUa» cf Ammean Agncu&un, Part !I, See A 1032 
In the western part of the area covered by the base map used in the present paper 
the iiarithms of number of days with snow cover, other than that for thirty days, 
swing northward, as do the isarithms m the lower left d Figure 6 
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and free of a continuous snow cover in winter Within the area 
having a regular snow cover the effect of heat transfer on the march 
of temperature at the mmimum obviously obscures the effect of the 
sharp mmima of the insolation curves " 

\^at happens in areas having a regular snow cover is evidently 
this The high albedb of the snow reduces the effective insolation 
at the mmimum of its annual march to a very small value Outward 
radiation from the snow cover proceeds at about the same rate as 
from a snow-free surface having the same temperature The tem- 
perature of the surface and of the air close to it therefore falls below 
the temperature of a snow-free surface exposed to the same condi- 
tions This fall m temperature steepens the temperature gradient 
m the atmosphere toward the snow-covered area from areas of higher 
air temperature At a given mtensity of circulation of the atmos- 
phere, the flux of heat toward the snow-covered area increases 
with the steepenmg of the temperature gradient toward it Thus 
a snow cover strongly favors the advection of alloc'hthonous heat 
The rapid increase in delay northwestward at the upper left of 
Figure 6, in Saskatchewan and southeastern Manitoba, undoubtedly 
reflects an increase m the amount of diochthonous heat received, 
primarily through the agency of air arriving from over the Pacific 
Northern Quebec, m the same latitude, has a smaller delay, with 
the predominantly eastward movement of the atmosphere in this 
latitude, Quebec is in a less favorable position to receive heat from 
the sea m midwmter than is the far interior of the continent 

INTBBPRETATION 

The general considerations stated above make the mtorpretation 
of the maps reproduced m Figures 8-13 relatively easy In Figure 8 
the effect of the fogs of the warmer part of Jbhe year over the northern 
lakes already manifests itself in the spring rise of air temperature 
The spring rue of temperature of the water of the lakes is diminished 

ti Gurvei plotted from normal daily temperaturei (publuhed by Charles F 
Marvin and P C Day in “Normals of Daily Temperature for tlie Umted Statee/' 
MeaCMv fFsaMar Asp , Suppl 35 1935) have sharper minima at the stations 
within the area with pwlBhRit snow oover than at ^ose outside it It will be 
noted that in Figure 17 A and C, the addition of a curve of heat transfer of tiie 
form of i5 or to an insolation eurve yields a curve of total heat supply sharper 
than the Insolation eurve This assooiatlan of sharper minimum of the tempera* 
tuie curve with greater delay of the mmimum at stattons within the area having 
a regular snow oover supports the argument made m the text 
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by the presence of fog, so that air arriving over the lakes from above 
the wanner land surfaces is cooled more over the foggy lakes than 
above those farther south At the maximum, according to Figure 2 
the decrease m temperature above the lakes from the southern end 
of Jjake Michigan northward to the middle of Lake Supenor is 
roughly twice that o\cr the lands m the same latitude farther west 
According to Figure 10, the effect of the complex of factors associated 
with the lakes on the delay of the maximum is markedly greater than 
on the actual temperatures at the maximum The temperatuK^s 
attained at the maximum are determined by the extent to which 
air from above the lands is cooled by the surfac'C of the water This 
amount in turn depemds upon the difference m temperature between 
air and water and on the intensity of turbulence m the lower layers 
of air The difference between Lake Superior and the lower lakes in 
these regards must be only moderate, and only a moderate difference 
between them appears in Figure 9 The process of coohng the air 
mvolves adding to the curve of effective insolation a curve of heat 
transfer such as 5' in Figure 17 C-D Where there is little fog this 
curve of heat transfer is added to an insolation curve having a rather 
sharp peak, such as /« Over a foggy surface the same curve of heat 
tranter is added to an insolation curve flattened to some such 
shape as that of /< It will be noted that, given comparable curves 
of heat transfer, the date of the extreme is strongly affected by a 
change in the shape of the msolation curve The difference m rela- 
tive effect of Lake Superior fog on temperature at the maximum 
and on delay of the maximum after the summer solstice may be 
confidently ascribed to such a difference m shape of the insolation 
curve as is embodied in curves 1$ and L of Figure 17 The difference 
m delay of the maximum between Lake Supenor and the lower 
lakes IS therefore such a difference m delay as between Q\ and QU 
m Figure 17 * 

Over the land m general the rate of fall of temperature m autumn 
(Fig 4) mcreases steadily toward the extreme mtenor of the con- 
tment — toward the northwest withm the area covered by the maps 
used here The same regional mcreaee in rate of fall appears about 
the lakes, but is there leas rapid The water is warmer than the air 
m autumn, but the differance between the temperatures of air and 
water m somewhat less than m spring. The resulting instabihty of 
the air near the water surface favors turbulence and free exchange of 
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Fio 17 Curvet of total heat tupply to torreetrial iurfaoes^ and their com- 
ponentt* at minimum of the annual march, O-D, at maximum lu hf 
1$, and 74, curvet of effective insolation, 8 and 8^, curvet of heat transfer 
Cii Qit <ht aad Qi, curvet of total heat tupply, the turns of the respective 
curves of effective insolation and Q^i, Q'l, CPt» andC' 4 * the sums of the re- 

flective curvet of effective insolation 1 ^ 8* 

heat between water and air Considenng that the air temperatures 
prevailing m the latitude of Lake Superior are lower than those 
farther south, and also that the difference in temperature between 
water and asr over the northern lake surfaces is greater than it is 
farther south, the rdative effects of Lake Superior and of the lower 
lakes recorded in Figure 1 1 omnot be looked upon as at all abnormal 




412 John Letghly 

The same generalization may be Inade concerning the effects 
mapped in Figures 12 13 These maps record something close to a 
pure effect of mterchange of heat between air and active surface, 
complicated by no factor such as confuses the influence exerted by the 
lake surfaces in summer A comparison of Figures 9 and 12 i^ows 
that the air over the lakes is wanned by them at the minimum by 
about twice as much as it is cooled in summer 1 do not have access 
to comparable observations of winter and summer temperatures of 
lake surfaces and air, on which a judgment concerning the reasons 
for this seasonal difference iniglit be drawn One factor, however, 
differs strongly between summer and winter, and in such a manner 
as favors a more active transfer of heat from water to air m winter 
than from air t*o water in summer This factor is the instability of 
the air immediately above the water surface induced by warming in 
winter, which favors very free convective mixing, hence free transfer 
of heat upward mto the air from the water surface Free convective 
mixing 18 easily visible m the ** steaming" of the open lake surfaces 
mto cold air m winter In summer, on the contrary, cooling of tho 
air close to the water surfaces renders it highly stable, and so hinders 
free mixing One result of this circumstance wwld be that the 
temperature gradient from air to water m summer would be steep, 
and concentrated m the layer of air close to the surface of the water, 
whereas m winter the gradient from water to air would be less steep, 
and so extend to a greater heiglit In winter the effect of the lake 
surface on the temperature of the air miglit therefore be more 
evident than m summer at stations on the nei^bormg land 

In the foregoing paragraphs the discussion has been mainly con- 
cerned with air above the surface of the lakes rather than above the 
surrounding lands Interpretation of the influence of the lakes on 
the march of temperature m the air above these lands may proceed 
from Figure 17 A and C Both in summer and in winter the curves 
of effective insolation have moderately sharp extremes In hori- 
zontal turbulent exchange of air between land and lake, relatively 
warm air flows from lake to land in winter, relatively cool air m 
summer In winter, therefore, the cllmatologic air at a land station 
receives an morement allochthonous heat from the lake in addition 
to Its autochtlunious heat derived from local insolation The amount 
of that mcrement decreases with mcreasing distance from its source 
The sense of the diange with increasing distance from the lake is 
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represented by a clmnge, say^rom curve S' in Figure 17A to curve S, 
and the corresponding change in the march of temperature is m the 
same aonsc as the change from Q\ to Qj In summer a part of the 
local supply of heat denved from insolation goes to warm cool air 
from over the lake, so that the maximum is lower than it would lie if 
the suiface within the field of wind fetch consisted entirely of land 
With increasing distance from the lake the amount of heat thus 
disposed of decreases, in a manner represented by a transition from 
jS' to S m Figure 1 7C^ and the temperature curves correspondingly 
shift in such a sense as from Q'a to Qs Except in the immediate 
vicmity of the lakes, where lake fogs may affect insolation, the 
thermal influences of the lakes at the maximum may be taken as 
approximating the effect of pure heat transfer uncomplicated by any 
indirect effects 

A comparison of <hc total effcMtjs in wintc^r and summer n'pn^- 
sented in Figure* Ifi shows that the thermal influences of the lakes are 
not so widely distributc>d over the adjacent land in summer as in 
wmter, but are more sharply concentrated over the lake surfaces 
This fact IS probably not wholly the consequence of the perturbation 
of the normal process of heat transfer bi*tweon lake surface and air 
by the summer fogs of the northern lakes The circulation of air is 
much more active* in wmtt*r than in summer, and with the generally 
greater stability of the air (as c*ontrasted with the uistability of the air 
near the water surface) the honsontol components of turbulence m 
the air probably have a larger ratio to the vertical components than 
m summer The same amount of heat is released m winter as is 
accumulated in summer, so that if a measure of the total thermal 
effect in three dimensions could be obtained the summer effect 
should be equal to the wmter effect The vertical dimension of the 
three-chmensional field of effect must therjetforo be larger in summer 
than m wmter 

The generalizations of areas affected and their relation to the 
lakes, represented m Figure 16, arc hkewise comprehensible The 
areas of the circles indicating them are the areas within the isanthms 
of zero effect m Figure 15 The area affected in wmter is 5 6 times 
the water area of the lakes, that affected in summer 4 7 times their 
area The total measurable c^ect of the lakes m wmter, according 
to the procedure of estimation used (product of area affected times 
mean ^ect) exceeds their effect m summer by 55 per cent Because 
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of the eecoDdary influence of fog over the northern lakes m sununer, 
the two quantities are not stnctly comparable, yet even that indi- 
rect influence is also an effect of the lakes It has therefore seemed 
worth \^ile to mcludo it (smce it is impossible to eliminate it from 
the data) m this final generalisation 

The present discussion, concerned with the general problem of 
the rdle of the Great Lakes m the heat economy of the atmosphere 
above and near them, has necessarily dealt with the most general 
qualities of the annual march of temperature There are undoubtedly 
other chmatio elements, includmg some of immediate practical im- 
portance, that would yield to the cartographic procedure used here, 
and from the distribution of which mtereatmg conclusions might be 
drawn I think, for example, of average maximum and minimum 
temperatures at the extremes of the annual march, of maximum 
and minimum temperatures at tunes that are cntical in relation to 
certain crops, and on days to which some particular mterest may 
attach, and of precipitation, either means or actual measured values 
dunng specific periods or individual storms In all these climatic 
phenomena, and m others that may occur to the reader, it should be 
possible to dissect out the effect of the lakes, and so make more 
precise the rather indefinite impressions that at present are the only 
available basis for statements concerning their climatic influence 

UmwiiMTT OF California 

Bsbxjplry, Califobnia 



SETTLEMENT PATTERN OF THE WESTERN 
HIGHLAND RIM PLATEAU OF 
TENNESSEE * 

11 THOMPSON STRAW 

T he Western Highland Run Plateau of Tenn^esec is the upland 
area lying between the Central Basin and the Coastal Plain 
portion of the state (Fig 1) This upland area is a part of the In- 
terior Low Plateau province Its summit level is mainly a remnant 
of the peneplain developed over the middle third of the state during 
Tertiary times/ a peneplain subsequently to be uplifted and dis^ 
sected by stream action and to some extent by solution Although 
sinkholes are found throughout most of the region, they occur in 
greater numbers in the north and become increasingly less frequent 
as one proceeds southward, where the rock strata are less soluble 
In general, then, nver cutting far exceeds karst development m de- 
termuung present-day landforms 

Today m many places the plateau character of this region is 
not readily discermble Rather the land seems to consist of youth- 
ful, flat-topped ndges interspersed with river valleys, the larger of 
which are in matunty, with well-developed valley flats The dis- 
tribution of these ndges and valleys may be seen m the physio- 
grai^c diagram (Fig 2) It can be noted that the Duck River 
forms a rough dividi^ line m that part of the region lymg east of 
tlie Tennessee R^ver North of the Dusk River the surface is 
gently rolhng, much of the plateau level is still discernible, and the 
main nver vidleyaftend to be narrower than in the south The part 
of the region south of the Duck River has been deeply cut by the 
streams Flat ndge-top areas are still numerous, but are broken by 

* Ths author wiShoa to acknowkdga hia indahtedneaa to the Sooial Sdenoe 
Rsaeareh Counoil of New York for a grant-iaHiid for field work which made thia 
paper poaalhle 

^ For a detailed study of the geologiohiatory and strata involved aaeBasBler, 
B. 8 , Tkf ef <h 0 CaiiCnd BatAi if fsnfiMMe, Bull 88, espeolally 

pp Nashville, Tena * Dxvisiofn of Qeol^, 1882 
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wide nver valleys, the floors of which arc covered with sand and 
Bilt^ The difference in surface, however, is not of great degree 
Nowhere in the region is one far from a flat-topped interfluve or a 
ailt-filled nver basm It is this combmatiou of surface which con- 
stitutes the terrain 

The agncultural settlejnent of the region was accomphahed in 
the early part of the nineteenth century by the middle-class yeoman 
farmers Many moved from the earlier-settled Nashville Basm, with 
its better transportation facilities, in order to escape the increasing 
competition of the planter class * With the opportunity of estab- 
lishing themselves on the flat land of the ridge tops or on that of the 
valley bottoms, they chose the latter, with its ncher soil of recent 
alluvium and the somewhat beitei transportation provided by the 



Fig 1 Surface map of Tennessee, sliowing location of Western 
Highland Rim Plateau 

use of crude rafts and lioats on the larger streams In all the county 
units within the region there is only one that is possibly an exception 
to the general rule of early valley set^tlements, and that exception is 
dubious because the records do not dejBuitely specify a location ^ 

* In detail the distribution of soil and surface features within the valleys is 

more oompheated A fuocesston of uplifts m late Tertiary and Pleistooene times 
has result^ in a senes of none too sharply defined valley terraces, the older of 
which generally are composed of gravel, idthough the present flood {dams are 
usually silts a^ days See Jew^, W B , Qtoiofgu end MvMtol Awourees 
Hardtn County, Bull 87, especially pp 14-17, 18-10, 40-80 Nash- 

ville, Tenn.* Division of Oedogy, 1031 

* Abemethy, T P , From Fttmiter io Phmtefton «n Tettne$iee A Shufy tn 
Frontier Demoerocy, p 200 Chapel HSU, N C Univ of North Cardlna Pm, 
1032 See also SpeUings, W W , “The Spread of Population m Tennessee," 
M A thesis, Qeow Peabody College for Teachers, Nashville, Tenn , n. d (fn 
mafweenpt), and Prdumnory Population Report, Sec lA, maps 3-4 NashvSUe, 
Tenn Tennessee State Planning Commiision, lOSfi 

« For a convenient ofaeclc bst of eady eettleinents eee Allred, C £ , Wat- 
kins, S W , and Hatfidd, G H , Penaesses, Seononue and Soetal, Part 11, “The 
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Note that more of the original plateau surface u prewrvecl north of the Duck 
River than eouthi where the nver vaUeye tend to be wider 


In these vaUey settlements a pioneer economy was to be mamtamed 
long after it bad disappeared from the adjacent lowland areas, such 
aa the Nashville Basm 

Similarly, the development of the mmeral industnee withm the 
region was to concentrate m the valleys rather than on the ridge 
tops. The two minerals of greatest importance were iron ore and 
phosphate zY>ck. The iron ore occurs in the form of hmonite and in 


Countlss/' pp e-*7. Unlvsnity of XstmaMs Rseord, Ext Senes, Vol 11, 
No. 8 1980. 








418 H Thompson Straw 

many places is associated with the St Louis limestone which caps 
the ridge top * Smcc it requires washing before smelting, however, 
the plants and related settlements were generally to be foimd m the 
valleys, where water supplied by the streams was available The 
smelting plant at Cumberland City was typical of this development 
(PI 1, Fig 1) It was one of the first to be established and one of 
^e last to close Ore was supplied from the near-by hilltops, and 
charcoal was produced from the forests of the neighbonng slopes 
As can be seen from the illustration, the mdustry was always a small 
one, but since there were about thirty-five similar plants in the 
region at the time of the Civil War they were important m determm- 
mg settlement location durmg the early days Today, however, 
only two of the furnaces are m operation 

Later the mming of phosphate rock likewise tendinl to augment 
the valley settlements Most of the phosphate is of the blue vanety, 
IS restricted to the southern half of the region, and is associated 
With rock of Devonian age, which occurs considerably below the 
ndge top capped with Mississippian strata ^ Therefore valley sites 
were utilized in its extraction Like that of hmonite, the production 
of blue rock has ceased owing to outside competition, m this in- 
stance from the brown phosphate of the Nashville Basm 

Today most of the settlements are still m the valleys Figure 3 
illustrates the all-too-coinmon situation—' settlement pushed into 
this area from the Nashville Basm by way of the Duck River Valley, 
a section of which may be seen m the northeast part of the map 
Land was cleared along Beaverdam Creek and then along the 
various tributary creeks which dissect the area It should be noted 
that not one of the wooded hills bears a name, whereas most of the 
creeJc valleys, if wide enough to accommodate any cleared land, 
are named, m many instances m honor of one of the first settlers m 
that particular area At the present tune, with only one small ex- 
ception, cleared land is restricted to these credc bottoms, although 
the mterfluves which are flat-topped would offer approximately the 
same amount of level land for clearing Indeed, only about three 
miles south of the area under discussion, on a terram not particu- 

c Burebsjrd, Ernest F , The Brawn Iron Oro$ of the Wooiom Htghiand Bm, 
Tenneoaoot Bull 80, pp 24r87« Nashville, Tenn,* Division of Oedogy, IMM 

* Straw, H Thompson, “Phosphate Lands of Ten n es s ee , " So Qoog , 
17(1041) 03-104, especially pp 05-06 
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tia 3 

Kote that the valley eettlemente are eeparated from the mam roade by 
eteep valley elopee 


larly different, the mttlemente of the German Swiss (which will be 
mentioned later) have been located on the ndge tops Most of the 
cleared land of the creek bottoms w devoted to com, hay, and 
pasture, There are almost no cash crops, and nearly all of the forage 
crops are fed to animals, some of which are sold from the farms and 
constitute, with tunber from the near-by hills, the major source of 
income, which is small at best Hie mgjonty of these farmers own 
their farms and appear to carry on agneulture at or near the sub- 
sistence level 
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About 1846 an iron furnace waa erected at Aetna, shown in the 
southeast part of the map (Fig 3) The ore was obtamed from the 
hilltops north and west of the village The washer was on the lower 
dope, and the blast furnace and charcoal ovens were m the valley 
At one time about four hundred persons were employed here/ and 
the village had some fifty houses located near the plant Today the 
plant IS dismantled, and the site is marked by a single store, a rail- 
road sidmg, and fewer than a doaen houses But while the mdustry 
operated it augmented the valley settlement pattern, established 
earlier by agricultural clearings 

The one ndgp-top community m the whole area is Homertown 
It 18 of fairly recent ongin and owes its existence largely to the con- 
vergence of routes leading from tihe valley settlements to the mam 
road 

The disadvantages of location in the valley were brought mto 
sharp relief by the improvement of the mam or first-class roads 
These mam roads have tended to clmg to the flat ndge tops, since 
they were designed not to serve the region but to cross it The 
general picture has been all too often that of a mam road flanked on 
either side by unbroken forest, with the valley settlement isolated 
from it (PI I, Fig 2), the only connection bemg an unsurfaced 
secopdaiy road which traverses the steep mclme of the valley side 
Since such roads are impassable during the winter or imme^tely 
following a rain, this situation has meant difficulty in marketing 
produce and resultant low standards of livmg, which have m turn 
led to large relief loads and low tax returns for the state Valley 
settlements have likewise tended to preclude the easy expansion of 
farmland and cropland In the small valleys, such as that shown m 
Plate I, Figure 3, the area available for crops on the valley floor is 
insufficient The adjacent lower slope m the background, which, 
naturally, was cleared after the valley bottom had been, is so steep 
that soil eromon has rumed the land even for pasture, and it is in Uie 
process of being reclaimed by the forest Thus many attempts to 
add to the unproved land and so augment the mdividuaJ farm in- 
come are checked 

Ridge-top settlements are largely confined to the eastern part 
of the region (Fig. 4} Two factors have been of prune importance 
m estatflishmg this pattern of settlement, which dffiers so radically 
’ Bun^isrd, op oil., p 99 
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Fio 4 


RidgMop aettlamenta are largely reetneted to aieaa wlueh produoe eommaieial 
orope, ootton in the south and tobacco in the north Note the pteeenee of 
nd^top roadSi which must serve vaiiqr aettlsmanto 

from tile earlier one They are the development of cash crops — 
dark-fired tobacco in the north and cottcm m the south — and the 
eolomsing praotioes of the German Swiss withm the region Both 
cash crops can be grown on the vall^ floors, but most of the farmers 
seem to prefer the upland soils In tiie cottmi-growiiig southern 
section they fear that the valley soils will be slow to warm up m the 
spring and thus will shorten the growing seascm, vtiiich is not too 
kmg at best In the north tiie farmers believe that it is easier to 
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produce on the upland soila the heavy-bodied tobacco demanded by 
the Clarksville market The more fertile valley soils tend to yield 
plants of more luxuriant foliage, which require more frequent top- 
ping It IB interesting to note that when Burley tobacco is grown 
the valley site is generally used The German-^wiss settlers were 
most numerous around Hohenwald They were established by land 
agents on ndge-top land which was purchased because it was cheap 
Many of these settlers have now migrated, but they have left a few 
of their descendants, distinctive place names, and a rectangular road 
pattern, similar to that of the Northwest Territory The descrip- 
tion of land titles here, also, is essentially a modification of the 
range-and-township system of survey 

Most of the region still remains an area of valley settlement 
Cash crops are absent, and com occupies most of the cropland The 
isolated areas of ndge-top settlement generally mark the location of 
a convergence of secondary roads on the mam highway, and here 
local commercial centers are usually found It will be noted that the 
pattern of ndge-top settlements is obviously somewhat related to 
the pattern of ndge-top roads, since they tend to develop farthest 
along these roads However, ndge-top roads do not necessarily mean 
ndge-top settlements Rather they seem to develop as the result of 
specific cash crops or a histoncal accident, such as the settlement of 
the German Bwiss 

In attempting to amvo at any solution of the problems which 
anse from the land use of the region, this pattern of settiement must 
be one of the basic factors considered Not only must the condition 
of surface and soil and the possibilities of forest and mmeral exploita- 
tion be taken mto account, but the existence of this pattern and its 
relation to roads, established schools, and other public aervices, to- 
getiier with those which may be planned for the future, must also be 
studied 

WasTBiiN Micbxoak CoLuoaa or EDCCATioff 

Kalaiusoo, Miobioam 
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PLATE I 



Fi(» 1 SmeltmK plant at Cumberland Cit\ One of the numemus 
Hmall chanoal furnaetw «hi(h were proaent in thw 



I'lu 2 UidKO-top ruud thnniKh unbroken foroMt land Miwt of 
the HettleinontH are in valley liottuinH^ Ke|>Hrate<l fnnu the mam 
load by steep valle> Hides 



Fici 3 Valley settlement, with pasture in tlie foreground and onrn 
along the stream in the middle dwtanoe In the baekground 
the lower vall^ slopes have been cleared and planted, but ero- 
sion bos led to their abandonment, and they are now being 
allowed to return to forest land 




THE RURAL ZONING PLAN OF MARQUETTE 
COUNTY, MICHIGAN* 

JOSEPH VAN RIPER 

I T IS the purpose of this paper on the rural zoning plan of Mar- 
quette County, Michigan, to present some of the problems facing 
the land-use planners m the northern counties of the Lake states 
These problems do not concern simply adjustments to the quality 
of the land, but mvolve also a wide variety of social, economic, and 
geographic factors 

Rural zoning has been m practice for some years m different 
areas of the Umted States, on December 30, 1038, however, Mar- 
quette County, located m the north-central part of the Upper Pemn- 
sula of Michigan (Fig 1), became the first county m this state to 
place m operation a rural zoning ordinance (Fig 2) The plan itself 
is simple it merely prohibits agncultural settlement in areas not now 
servio^ by roads and schools, but the forces motivatmg it are of 
partiGular interest to geographers ^ 

PHYSICAL BACKGROUND 

A quick glance at the physical background of Marquette County 
reveals at once that, like many regions in the northern port of the 
United States, it has wide areas withm it unsuited to agriculture 
Figure 3 shows a division of the county into areas in which the surface 
conditions are more or less homogeneous Tiyb sand plains mdicated 
here are typical scrubby sterile jaok-pine barrens (PI I, Fig. 1) 
The hard-rook knob distnct, oonsiking of crystallme knobs from one 
hundred to three hundred feet hi|^, which ore separated by m- 
numeraUe lakes and spruce swamps, is a oharootenstic section of 
Lauiention upland Only occasionally is there a small patch of 

* Thu artlds Is a eondensation of a Uusu submitted in partial fulfillment of 
the lequIraneDts for the degree of doctor of ifiiiloeophy at the Umvendty of 

> It must be dearly stated that the promotton of the sonmg ^an was at all 
times carried on by tesideatB of the oou^ 
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Via, 1 

moraine free enough of boulders for eultivatioa. Both the aenArttm* 
uplands and the tiske Superior borderland have vnde atretehea of 
aandy soils and long slopes, vdudi ate not suitable for fanning 
Only two of the largest poorly drained aieaa are shown here, but fully 






Rurd, Zoning Plan of MarqueUe County, Mtditgan 425 



Fia. 2 


one fourth of the county is covered lakee and ewampe, most of 
them email. Nowhere is there any extensive continuous area of 
superior soils The Amasa rolling uidsiids,oharaeteriaed by morames, 
kames, and drumlins, u but sh^tly above avwage in the quahiy of 
its soil, and its devdopment is hindered by its remoteness from 
markets and by a dunrt growing season The Marquette non range, 
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Fia 3 

with itB less pronounced rdief, glacial gravds, loose date outorope, 
and accessible nuirkets, ranks next to the diaseoted till and 
deposits region in the number of successful farms The latter region 
has tile best soil and the smallest percentage of swamjdand of uiy 
part of the county, and has a further advantage in its ncnnuifin to 
the minmg centers In terms of agncultnre, fully tiuee fourths of 
the county is diatmotiy submargmal (Fig 4) 
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Fio 4 


Lumbering u earned on at present only in amall-eeale operations, 
and IS based on motor trueki^ It has little significance for per- 
manent settlement, suioe the beet and most readily available timber 
and wood pioduets have already been removed White pine, red 
pine, and hemlock were the first trees to be extensively exidolted 
Today only a few small stands of these trees of saw-timber sim re- 
main, and those only in tiie most inaccessible regions (H. I, Fig 2) 
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Dunng recent years forest operations have consisted in cutting the 
upland hardwoods and the swamp conifers. Tlie former suj^ly 
lumber for the automobile industry and for furniture, flooring, and 
other mtenor tnm The swamp conifers are utihaed mainly for 
pulpwood, posts, railroad ties, and mine props (n I, Vig 3). During 
recent years much <d the less desirable hardwood has been used in 
distilling or for foewood. 
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Larise stands of merchantable hardwood remain m only a few 
locabUes in the county, mostly in the northwestern part Pulpwood 
extraction has been moving northward m the county dunog the past 
few years Most of the swamps m the southern part have been cut 
over, and although cuttmg for pulp is still being done m this area the 
reserves are rapidly being depleted The largest ones remain m the 
small swamps in the hard-rock knob district 

The principal industry m the county is the mining of iron ore, 
mostly hematite, which is found within the Marquette iron range 
(Fig 5) The chief iron-beanng formation outcrops m an area ap- 
proximately five miles wide in the vicimty of Negaunee and Ish- 
pemmg West of Hus area the formation is deeply buned in the 
center and comes to the surface m a north and a south limb The 
narrowness and the steeply dipping character of most of the iron-ore 
deposits throughout the county are not advantageous to large open- 
pit mimng (Pi II, Fig 1), and, except m a few localities, underground 
shaft mmmg is the rule In 1938 the county’s mining industry 
employed 2,775 persons 

THE HIBTOBY OF SETTLEICSKT AMD ITS EFFECTS ON THE 
SOMINQ FROBLEU 

The focus of settlement in Marquette Ckiunty since the coming 
of the first white inhabitants has been the area containing iron re- 
serves, where mining brought about the development of scattered 
large and small urban centers Rural settlements at first were located 
near these urban centers and consisted of both farm and woodwork- 
ing communities The latter supplied lumber to the rapidly growing 
cities and towns or hardwood for the kilns which furnished charcoal 
to local pig-iron furnaces prior to the development of cheap trans- 
portation of ore to the lower Great Lake pbrts Nearly all the few 
farming oonununities outside the iron distnct were situated m the 
areas of better soil and of slightly longer growing season m the eastern 
and southeastern parts of the county According to some of the 
older inhabitants, these early farmers had no difficulty m selling 
their hay, oats, and potatoes in the urban maricets There were few 
dairy farms as we know them today, and part-time farms were 
loca4«ed only m the immediate environs of the mmmg towns No 
unproved roads existed at this time, and there were few rural schools, 
but the peo]de on the farms made a good livmg, for prices of agnoul- 
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tural produce were high because of the constant pressure of popular 
tion m the urban centers 

The last two decades m the nineteenth century brought several 
events which were to have senous consequences m later years The 
first of these was the absorption of the small mming concerns operat- 
ing tmy open-pit mines with little capital This absorption was the 
result of (1) the exhaustion of the surface deposits and the conse- 
quent necessity of using expensive underground minmg methods 
and (2) the economic depression of the early nmeties, which, with its 
attendant low prices, wiped out many small operators. A second 
event was the decline m the demand for mine labor, which came 
about because of competition from the new Mesabi open-pit opera- 
tions m Minnesota and because of the change from hand tools to 
machinery A temporary boom in local mine employment was 
experienced during the war years of 1914-18, but it did little to 
check the steady decrease both of mine employment and population 
m the urban centers People living in the minmg communities had 
either to turn to new occupations or to go elsewhere Some of them 
moved to the new mining regions m the Rocky Mountam area 
Many of them went into the rural sections of the county, hoping 
either to practice part-time farming and to supplement th^ income 
by penodic mine employment or to make a livmg from farming alone 
The number of farms greatly increased between 1890 and 1920 

This settlement of the rural districts was made chiefly by Finnish 
immigrants An exammation of the county directones of 1870 and 
1880 does not reveal a single Finnish name Only a few are given 
in the 1890 directory, but the 1901 edition lists a large number. 
Many of the earliest Finns to amve m this country went to the mm- 
ing region of northern Michigan, and, although they had not been 
mmers m the old country, they found mimng lucrative and easy to 
learn After a brief expenence with crowded boardinghouses and 
after rather violent social contacts with Cornish, Indi, and French- 
Canadian mmers* the Finns took up small plots of land near the 
mines These ^^farms" generally consisted at first of from toi to 
fifty acres, one or two cows, a horse, and a pig. Tlie cropland sup- 
ported little else than a house garden, a patch of potatoes, and a 
small field of oats, with the remamder devoted to hay The buildings 
were log cabins (usually whitewashed), a hut for living quartern, a 
small ''enb^' bam, and a ^'sauna” or Steam bath Sometimes the 
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fanner worked m the mines during the winter and on his form during 
the summer, or, if his family was large enough and work was available, 
he worked full tune m the mines, the farm work bemg done by his 
family 

Smco they were relatively late-comers in the farming distncts 
and since they had little money with which to purchase land the Finns 
went mto the poorer areas and, with the exception principally of 
Ewing Township, where lumbenng formerly supplied a cash income, 
and of an area near Skandia, they settled lands that were adjacent 
to the mining distncts Today most of the poor, part-time farms 
are owned by Fmns, the better farms bemg held by Swedes, Ger- 
mans, or French-Canadians (PI 11, Fig 2, PI 111, Fig 1) Within 
the county, then, one of the most significant problems of submarginal 
settlement resolves itself mto a social question, dominated largely 
by the degree of adjustment which the Finnish people have made 
to the land and to a pew standard of livmg and complicated by the 
fact that the second-generation Finns liave refused to be content 
with the low standard of living of their parents 

raiDfiBNT ECONOBUC OPPORTUNITIES FOR HVHJih BETTLEMBKT 

Settlement in the rural districts of Marquette County, if it is to 
mamtam itself on the land, must in general depend upon the following 
types of hvelihood agnculture, forestry, mming, the provision of 
recreational facilities, or combmations of ^ese 

The potentiahties of the land for supporting settlement by agri- 
culture alone are slight even m the best farmmg areas The most 
vital factor is clunate, although a soil smted to potato cultivation is 
also important, as well as the farmer's abihty to produce and market 
douy products and potatoes Most of the successful dairy farms are 
located near the thm cities Mpemmg, N6gaunee, and Marquette 
On farms remote from these cities the only dairy product that yields 
cash dividends is cream, which, because of its relatively high value 
and low bulk, is able to bear the transportation char^ A farm 
that depends entirely upon farm mcome for its support has to be 
exoeption^Iy well situat^ and well managed <P1 III, Fig 2) 

Part-time fanning has as its basic economy an association with 
mining or lumbering In general, the location of part-time farms is 
more closely related to the mines or to the timlm supply than to 
land favorable for agnculture. For this reason the oonoentration of 
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mich farms u near the central part of the oonnty. Nearly all the 
farms m Humboldt Township are of this type, their operators origi- 
nally depended upon mmmg for their cash mcome, but now depend 
upon public welfare These small farms are located within the hard- 
rock knob region, on ground that should never have been cultivated, 
for soil and climatic factors are particularly adverse Under present 
conditions successful part-time farmmg can undergo very little ex- 
pansion m the unmhabited parts of the county because of (1) a de- 
crease in mine employment, (2) the too-great distance to mines still 
operating, and (3) a depletion of wood reserves 

Forestry as an industry supportmg rural settlement is well on 
the decline, and stranded families of forest workers can be found 
here and there in the cutover parts of the county 

The recreation industry has, as m other parts of the Umted States, 
been responsible for an appreciable growth m local mcomes even in 
the rural areas, but away from the main hiid^ways it has not been 
capable of supporting an mcrease of rural settlement. 

Because of the uncertam character of mine labor few rural families 
depend entirely upon this occupation for their livelihood Most of 
them supplement it with farmmg or lumbering or by providing for 
vacationists 

aOVKRNMBNTAL EXPENDITUBES IN RTTBAL AREAS 

The year 1915, approxunately, marked the beginning of extensive 
public expenditures for roads emd schools m the county In every 
township the tax rate rose rapidly alter this date, reached a peak m 
1930, and fell sharply between 1932 and 1934,’ a decline resulting 
from a 15-mill property-tax limitation passed by the state legislature 
ml933 

Only a small part of the local tax burden is borne by the resident 
taxpayers. A study of tax-assessment rolls m five townships was 
ma^ for the purpose of distmguishing between the property of resi- 
dents and nonresidents These five townships were Humbcddt, West 
Branch, Ewing, Champion, and Tunn, which r^resent very ddbrent 
combmations of jdiysical and cultural environments Tables I and II 
show the vatuatum and taxes levied on the pn^rty of residents and 
nonresidents, the tax dehnquency on the port of resident property 
owners, and the total valuation, taxes, and tax delinquency in these 
* Btn Annwd RepdH$ ef the CmMUy Suptnmn, 1912-37. 
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TABLE I 

Valuation and Taxxb Lbvibu on PKorawn or RuiiniNTB and NaNBnnmiTB 
AND Total Valuation and Taxbs Lbvino pob 1BS7 in Fivb TowmBm 
or Makqubttb Countt* 


ToBii^ip 

Total 

valuation 

Valuation 
on prop- 
erty of 
reiidento 

Valuation 
on prop- 
erty of 
nonreai- 
denta 

Total 

taxes 

Taxes on 
property 
of reu- 
dents 

Taxes on 
property 
of non- 
residents 

Humboldt 
West Branch 
Kwing 
Champion 
Tunn 

$ 460,425 
267,300 
107,840 
1,033,780 
280,250 

$68,750 

69,600 

31,830 

33,840 

18,575 


$ 7,046 86 
4,097 71 
2,403 98 
23,635 20 
7,663 26 


$ 5,987 16 
3,016 83 
1,675 38 
22,864 17 
7,146 63 


* Data from townahip awnawmont rolk 


TABLE II 

Tan Dbunqubnct on PBopxbtt Ownxd bt Rbmdbntb and Total Tax 
Dblinqubnct fob 1937 in Fivb TowNaaiM in Maboubitb County 


Township 

Taxes levied 
on property 
of residents 

Percentage of 
property of 
Indents de- 
hnquent 

Total 

delinquency, 
in percental* 

Average value 
per acre of 
real property 
of residents 

Humboldt 

$868 15 

1808 

46 83 

$4 48 

West Branch 

777 34 

2808 

1899 

958 

Ewing 

532 74 

26 88 

58 94 

470 

Champion 

77108 

0 

8 81 

743 

Tunn 

86100 

3009 

45 41 

684 


* Data from aountj' tnaauN^a ofliea 


townships for 1937 From this matensl the foUowing oonclustons 
are drawn (1) The peroenta^e of property owned by residents is low 
m all townslbps, but lowest in those that contain nuneral lands and 
highest m the better faming distnets; (2) The average value per 
acre ai real property bdonguig to reBid^|A low m all parts of ^ 
county; (3) Ddmquency of taxes Is h^^BB in the nonmining areas 
(sseEIg 6) 

Until tlw rntireg* of the Ifi-mlil tax-limitation biU m 1933 there 
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waa praoticftUy no linut to the amount of mon^y that could be 
raieed for jhiblio expenditures Even now, the 13-inill ean 

be amend^ by a two«thirds vote witiiin the townships Thus, with 
county, state, and federal funds also avatlidde, the rural reaidmts 
go bhthely on their way, secUremthebeltef that they will be andsted 
in their eoononuo di£^ltiee The expenditures of government 
withm the county for 1088 totaled ovw four miHmn doUan (see 
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Table III), representing more than ninety dollars for every man, 
woman, and child (1930 census) A third of this total was allocated 
to welfare relief 

Two areas show abnormally high per capita government expendi- 
tures One of these is the iron-mmmg district, where the taxes on 
mimng property having an extremely high valuation pay for a large 
part of the public services and ease the burden on the resident 
taxpayers The minmg companies seem not to begrudge superior 
schools and roads m the towns and villages which contain miners 
and their families 

The second area is composed of the rural districts that have 
small, widely scattered farms In these districts the transportation 
of school children and the construction and maintenance of farm 
roads are expensive The cost of one extra mile of snow removal m 
the winter usually is greater than the total amount of taxeii paid by 
the farmer whose property the road serves Until the present aonmg 
plan went into effect every farmer and any other rural resident, no 
matter how far from schools and highways, could demand, and was 
entitled to receive, road and school services 

The contmuance of high governmental expenditures ui the areas 
outside the iron district will be a difficult problem in the future At 


TABLE III 


liOOAL GovxBNiaotcrAL ExpKNuiTuasB FOB 1938 IN MARQunrrE Couni y 


County general fund 

Emergency relief (Emergency Relief Adimniatration) 

Totel ach^ expenaea 

Townahip odmiuiatratioii 

Municipcd government expendituree 

Worka Progreas Administration 

National Youth Admmutration * 

Old-age aenstanoe 


S 781,214 50* 
116,201 42* 
1,132,267 58 * 
66,687 02 t 
1,050,534 OU 
896,79511 8 
23,342 48 8 
91,410 30 8 


Total 


84,157,412 42 


Per capita expenditure (1930 oenaus) 


$94 50 


* From the Annuo/ Reporif MarqueUt! CowUg Board of Supermoon, 1938* 
t From data furnished by the Marquette County Boaid of Supervisors, com- 
mittee on taxation and finanoe 

t From data furmahed by the city treamirers of Ishpeming, Negaunee, and 
Marquette 

8 From data furnished by the county Emergency Relief Administration 
office 
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pment a large share of the local taxes m these areas is paid by non* 
resident owners of timberlands But since much of tins timber is 
already out the land will soon revert to the state aa tax delinquent, 
and thus be removed from the tax itdls. Immediately the tax burden, 
formerly assumed by the owners of such land, wdl be transferred to 
other property owners m the town^p Fini^, mther the tax rate 
wiU nse or public expenditures will be reduced Dehnqueney has 
already mounted In ^e cutover lands m the southern part of the 
county (see IHg 6), but little of the area has as yet revwted to atate 
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ownership (aee Fig 7) * The delinquent properties are still on the 
township assessment roUsi and their tax levies are still listed as 
assets, althou^ many of the taxes will never be paid The blow has 
not yet fallen on the other taxpayers in these townships When it 
does come, it will be felt not through greatly mcreased tax rates (be- 
cause of the 15-mill taxdumtation act), but through the only otiier 
alternative — reduced pubbc expenditures This will affect the good 
agricultural districts as well as the poor, the only difference being 
that they will be better situated financially to withstand it 

CONCtUBlONS 

The rural districts of Marquette County have alwa 3 r 8 been 
marginal areas for settlement Environmental factors produce oer- 
tam conditions unfavorable for agriculture The prmcipal disad- 
vantages are the shortness and coolness of the growmg season and 
the small amount of soils of high natural productivity Physical 
circumstances such as these have, however, influenced to a great 
extent only those farms whose operators make their entire living by 
farmmg Such farms are located mainly in the eastern and south- 
eastern parts of the county and m a few scattered areas elsewhere 
Settlement over most of the county has been influenced much more 
by relationships with muimg, lumbenng, or recreational develop- 
ments Only Uie sand plains seem to have been avoided or abandon^ 
by bU. types of permanent rural occupation 

Part-time farms and rural nonfarm homes have penetrated many 
of the areas that do not have favorable environmental conditions 
for their oontmued support Tke prmcipal motivatmg force m this 
movement has been iron mining People, especially the Finns, moved 
out of the cities near the begmnmg of the present century to com- 
bme the advantages of subsistence agriculture with employm^t m 
the mines and the urban centers. When mining ceased to occupy as 
many men as before and when the urban centers started to lose 
popidation raiddly, sudi part-time farms began to have financial 
difficulties. The eoonomio frontier of settlement had retreated. A 
similar situation resulted with regard to the part-time farms asso- 
ciated with lumbeniig. Although these settlements were not so 
numerous as those based on the mining-farming relationship, they 

tiroanod”” ^ asnafe of ftatSKiwnad land m the ooustty ham greatly in- 
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experienced the same difficulties when the timber resources were de- 
pleted But the part-time farms in the county have not been aban- 
doned, and their occupants have not migrat^ to areas of greater 
economic opportumty These people still enjoy certain advantages 
All of them are able to demand and receive pubhc services m the 
form of roads, schools, and welfare rdief If their cash mcome fails 
they are certain of public aid The costs of such services are not 
paid by these settlers nor, to any great extent, by their more prosper- 
ous neighbors. Instead they are being met by nonresident owners of 
property withm the local areas and by county, state, and federal- 
government funds 

Growing uneasmess at the large expenditures for pubhc services 
mitiated the rural soning movement m Marquette County The 
plan, which, as has been said, merely prohibits agricultural settlement 
m areas not now serviced by roads and schools, has been criticised 
because it dul not take into consideration differences m the quahty 
of the land That the procedure followed was urgent and justifiable 
IS supported by much of the data accumulated duimg the preparation 
of the research dissertation of whiidi this paper is a summary Even 
in the best agricultural areas pubhc expenditures far exceed local tax 
returns Future scattered settlement m some of the better unused 
parts of the county would necessitate too great an outlay of govern- 
ment funds m comparison to the value of the improved land resulting 
from such settlement The soning ordinance u elastic, however, and 
provides for amending the restrictions if necessary. The county 
officials have stated that such amendments would be made {woviding 
new settlement is made m large bloeks, so that the difference be- 
tween land values and governmental expenditures would not be ex- 
cessive. 

Marquette County well illustrates the pitfsUs that con beset 
attempts to interpret human occupance soldy on the basis of en^ 
vironmental factors or to draw soning lines with reference metdy to 
the quality of tiis land. Environmmital factors set limits withm 
which the economic frontiers fluctuate. In areas sudi as Marquette 
Coimty, which are dommated by mineral exidoitation, (ffianges m 
that mdustry have violent repercuadons on tlm sodal sad economic 
structures These are tiansmitted to the cultiiral landseafw in 
diverse ways Here, the decline m mine employment and the dqde- 
turn of the timber reserves were mdirectiy responsible for tim rural 
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Eoning movement Whether an upturn in the mining industry or 
the regrowth of pulpwood in certom areas will mean a widespread 
alteration of the aomng plan m the future remams to be seen, both 
developments are possibihtiea Enough land serviced by roads and 
schools and unrestncted in the sonmg plan remains, however, to 
provide for any normal growth of rural settlement 

Here, at least, is something new m Michigan, and not common in 
other states — a frontier of settlement established by law. The pnn- 
cipal factors responsible for this fixed frontier were not differences in 
the quality of the land, but certain social and economic conditions 
It IS mterestmg to speculate whether or not abnormally high 
governmental expenditures in other mmmg and lumbenng areas 
often maintain parasitic settlement beyond normal frontiers 
The answer to this question can come only through similar studies 
elsewhere 

SoimuBaN Ilukois Normal UNivaasiry 
Carbokdaud, Illinois 
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Fia 2 An original stand of mixed Fw 3 A pulpwood logging ramp north 
white pmo-balsam-paper birch, with of Champion Both light and heavy 
a beaver dam in the foreground trucks are now necessary 
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PLATE II 



Fiq 2 A typical part-time farm 





Fio 2 One of the modem dairy forme near 8fc»ndia 




COMPARISONS OF CRITERIA FOR THE 
RATING OF AGRICULTURAL LAND* 

JKTHRO OTTO VEATCH AND IVAN F SCHNEIDER 

I N A realistic world, where self-interest is a controlling motive, 
values of different kmds of land are not equal, whether the kmds 
are evaluated for the same use or for different uses Therefore 
demands arise for the classification of land on a quality basis, and 
it follows that individuals or organisations will attempt to satisfy 
the demands 

When individuals or government agencies have made classifica- 
tions on an economic basis, the results have never been entirely 
acceptable to all interests affected, and therefore questions arise 
about the validity of criteria and the value of the data which are 
used Smee there is no generally accepted procedure, it occurred 
to the writers of this article that a companson of two different 
methods of composing an economic rating of agricultural land for 
the same area might be of some value, or at least be of academic 
mterest, smee the study is concerned with a cntical companson of 
a few of the possible entena which may be employed 

The area selected for companson is the State Michigan One 
classification is based upon the average value per acie of land and 
buUdmgg by counties as given hy the Umted States Census of Agri- 
culture for the years 1930 and 1935. In accepting this basis for ratmg 
the land in the separate counties of the state it is necessary to start 
with the assumptW that the selling pnee, or exchange value, is, after 
all, a true reflection of inherent values of land or its pioductive 
capacity, and is ihmSore the proof of the puddmg A second plan 
of rating Ihe counties is based upon an agricultural land-classification 
map recently completed by the Michigan Agricultural Experunent 
Station.^ This has a physical basis in that it represents an interpre- 

* AutiionsBd as Jbonial Article No 617 <N B } from the Michigan Agn- 
oultoral ISaperlmant Station 

^ Vaateh, J 0^ Agrietdihittd Land CUumfieahon and Land Typea ef Mtehtgan, 
Special 981 (Revised}, Mich Agrie Shrp» Station, 1941 
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Crtterm for Rating AgncvUural Land 

tation of natural land types m terms of agricultural use From 
yields of plant growth and response to agricultural management, so 
far as these are known for natural land types, or soil types, qualitative 
ratings are assigned to each land type and the ratings extended 
throughout the geographic range of a type whether or not the land 
IS m cultivation The money value of land and the economic envii on- 
ment are not primary constderations In the publication referred to 
all the land of the state is separated into four classes, and the acreage 
of each class is estimate for individual counties 

In order to place this scheme on a comparable basis with that 
derived from the Census each of the four land classes is given an 
arbitrary, but uniform, value per acre The average acre value thus 
obtained is used solely for the purpose of arranging the counties in 
order of their rank The two classifications are presented m Table I 
to facilitate comparison From a study of the table it is evident that 
no close agreement exists between the two Consc^quently, doubts 
may arise m the mind of the reader about the soundness of either 
rating or both In the Census rating there is a strong suspicion that 
the figures do not necessanly represent actual agricultural values 
Extraneous factors, such as speculative values for nonagricultural 
uses, have certainly determmed the high rank of Wayne, Oakland, 
and Macomb counties, for by any other tests these counties would 
have a lower rating 

The physical classification is also vulnerable to adverse criticism, 
since it IS not precisely mathematical, but, on the contrary, is in a 
laige measure qualitative and subjective Also, there is a basis for 
the contention that the two schemes are not properly comparable, 
since the physical classification embraces all land and the CensuH 
only that which it designates as agricultural However, even in 
those counties which are almost entirely m* farms there is no close 
agreement If, m the physic4tl classification, the counties are ranked 
according to the amount of first-class agncultural land which they 
contam there is still no agreement with the Census figures 

Inasmuch as neither the selhng price, or exchange value, of 
agricultural land nor the values on a physical basis are entirely 
accepUd>le, the possibility of use of other entena may be considered 
Possible criteria for a qualitative classification of land on an agri- 
cultural basis are" (1) net income from land, (2) money value of 
agncultural products, (3) mefumred yields of crops, (4) selhng price 
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of land, (5) values assessed for taxation purposes, (6) value erf farm 
buildings, (7) physical character of the limd 

Logically, net income from land should be the best test of quality, 
but any extensive classification on this basis is impracticable be- 
cause net income is an elusive thing and published data are not 
available Even if farm-management accounts have been kept for a 
period of years for units as large as a township the resultant land 
classification would be defective unless other factors were considered, 
such as the competence of operators, the type of farming, and the 
sise of farm units Further, income would not provide any basis of 
agricultural classification of land not in farms 

The gross value of agricultural products is a possible basis or test 
of a classification, but is objectionable as a single criterion, since 
values fluctuate widely, are difficult to obtain for all products, and 
are reported by political units instead of by land types 

Yield of crops has some virtue not possessed by other entena 
These data, however, are not very dependable if relied upon alone, 
smcc statistics are not complete and are available only by political 
units 

BeUing price of land and assessed values may be considered to- 
gether and dismissed as not bemg entirely trustworthy, for in too 
many instances extraneous factors determme the figures Figures 
vary widely for the same kind of land, inasmuch as econonuc en- 
vironment and political conditions may bo controlling factors rather 
than actual agricultural worth 

Farm buddings and other farm improvements reflect the quality 
of the land either well or poorly In some older settled rogiona, vdiere 
sufficient tune has elapsed for tnal-and-error adjustments to take 
place; farm improvements are a reflection of the worth erf the land 
However, for certain types of farming which are based upon a mngle 
crop, for absentee ownership of land, and for pioneer regions, this 
entenon may have little or no value 

The physical character of land may serve as a basis of economic 
land classification by asstgmng ratings to sod types or other natural 
units of land The ratings are tacitly based upon experience m land 
use and mvolve some one or all of the preceding ontena The phyaeal 
basis has an advantage m that all land, whether in farms or not. may 
be classified, and that favorable qualities or limitatioiis for agn- 
cultural use may be inferred from the chemical and phywoal properties 
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of the soil which may not be revealed at a particular time by Belling 
price, aaaeased values, yield of crops, or farm improvements 

Judged by stnct standards, any economic land classification 
covering states or regions and based upon the cntena listed above 
cannot be precisely mathematical Nevertheless, qualitative, or 
more or less subjective, classific^ations may be made which can have 
considerable value for the mventory of land resources and for land 
planning if a combination of criteria is involved in makmg them 
rather than a single factor 

Michigan Btatb Coixsob 
East Ij^nbinq, Michigan 
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THE DISTRIBUTION OF DRUMLINS 
IN MICHIGAN 

STANARD Q BERGQUIST 
INTKODTTCTION 

A LTHOUGH dnimlmB make up a relatively small part of the 
jTjL glaciated landscape m Michigan they are rather widely dis- 
persed m both the Northern and Southern pemnsulas (Fig 1} Of the 
nme areas described in this report only two, the Grand Traverse and 
Menommee distncis, carry suSiciont drumlin forms to compare m 
importance with the areas of concentration in New York and Wis- 
consin The drumlins m Michigan present a rather wide vanety of 
form and outlme, ranging from low, poorly developed oval drum- 
Imoids to the elongated hnear types which display stnkmg asym- 
metry of stoss and lee slopes They are all superpo^ upon areas of 
till plain and were formed by the activity of readvancmg ice 

Dnitnlms are associated with each of the vanous lobes that played 
a part m developing the surface features of both pemnsulas of the 
state In general, the forms are aligned with trends more or less 
parallel to the glacial striae in the bedrock and perpendicular to the 
axis of the moraines from which the ice sheets readvanced On the 
Lake Huron side of the state, however, there is a marked discordance 
between the trends of the axis of the drumhns and the moraines and 
likewise m the markmgs m the rock pavement This unusual re- 
lationship reflects multiple activities of the ice sheets as they deployed 
over the surface. 

No attempt has been made m this report to account for the origin 
of the drumhns m Michigan This general problem has been imder 
discussion for the past seventy-five years, with the result that many 
theories have been advanced to explam their development. None of 
them seem adequate, however, to satisfy all the requirements m- 
volved m ibis complex problem 

m 
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DBUMUN ABBAS IN THB SOOTHUBN PBMIN8VLA 

The Ckmax — Unum Ctiy Area 

A cluster of small drumlias and drumlmoid ndges is spread out 
on the interlobate till plain situated just outride the Triconriia 
moraine in parte of Kahunasoo, Calhoun, St. Joseph, and Bnmdi 
counties Hu* plam stands at an elevation of 900 to 960 feet above 
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Bea level and was formed by the combined activities of the Michigan 
and Saginaw lobes when the icc front retreated from the Sturgis 
morame After the ice moved forward to form the Tekonsha moraine 
there was a readvance of the Bagmaw lobe over the till plain, the 
surface of which was then resculpturcd mto a series of more or less 
parallel ndges which now feature the landscape From the direction 
of trend of the ndgelike hills it is apparent that the dnimlin-shapmg 
process was due in large measure to the activities of the Bagmaw 
lobe It seems probable that, while this ice front was readvanemg 
over the till plain, the Michigan lobe hold its position without much 
movement on the west limb of the Tekonsha morame Smcc the 
final retreat of the ice from this area the till plain has been sliced 
mto a senes of parallel strips bv streams whose southwest courses 
were unquestionably influenced by the drumlm trends 

The drumlinoid hills of the area are composed of clayey till, simi- 
lar in composition and texture to that which makes up the plain up- 
on which they are superposed The hills are roughly oval and more 
or less symmetncal m outlme There is no appreciable diffenmcc m 
the degree of slope on the stoss or front and the lee or tail ends 
The majonty of tlie forais are rather low, with crests rarely exceeding 
30 or 35 feet above tlie surface of the plain They range in length 
from one eighth to three quarters of a mile and m width from one 
tenth to one fifth of a mile The general trend of the drumlinoid hills 
ranges from S 30^ W on the west edge of the plain south of Climax 
to S 40^ W on the east edge of the area near Umon City 

This IS the oldest of the drumlm areas in the state and was 
developed shortly after the Saginaw lobe had made its second imimr- 
tant halt upon recession into Michigan 

Alpena County . 

Several small clusters of drumlms are distributed over the till 
plain m the region to the south and west of Alpena The forms are 
rather widely scattered m the area, extending from near Hobson to 
the southeast portion of the county They were developed on a till 
plam, with an elevation of 700 to 800 feet above sea level, that was 
form^ m the retoeat of the Huron lobe from the mam ridge of the 
Port Huron momine 

In the areas directly south of Dafoe and west of Ossmeke the 
drumlinB have a tmd indiioh is generally 8. 35^ E They are aligned 
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more or less paralld to the abore of old Lake Algonquin, and it Beams 
probable that a fairly large portion of the original drumlin section on 
the east side of the district may have been cut away by the waters of 
that lake 

In general, the drumlins trend parallel to the axis of the morainic 
ndges and hence also to the retreating ice front that formed the 
moraines of the area. It may be inferred from this relationship 
that they were formed by an ice movement different from that which 
was responsible for building up the moraines The glacial stnae and 
grooves in the rock pavement to the north of the drumhn area bear 
generally S 65^ £ Thus it may be seen that there is a marked dis- 
cordance of trends between the drumlins, the bedrock markings, 
and the major axis of the moraines, the implications of which will 
be discussed in a later paragraph 

Presque lele County 

A senes of well-de&ned elongated ndges with distinct troughs be- 
tween them IS situated on the till plam immediately east of Onaway 
The drumlins m this area are composed of bouldery till contauung a 
heterogeneous mixture of all types of matenal, much of it of local 
denvation The till plain which carries the drumlins stands at an 
elevation of 800 to 900 feet above sea level and was formed by the ice 
of the Huron lobe as it retreated basmward from the mam axis of the 
Port Huron moraine 

On the western edge of the plam, near Onaway, tiie ndges are low 
and somewhat drumlinoid m character They mcrease m sise to the 
eastward and attain a relief of nearly a hundred feet on the east side 
of the area The drumlins are lin^ up with their major direction 
more or less parallel to the axis of the moramic ndgee m the area. 
They trend generally 8 40** E , whereas the glacial grooves and stnae 
in the bedrock exposures near by bear S 27'^E 

In this section, as m the Alpena distnct, there is a definite dis- 
0 (»rdanoe m trends between the drumhns, the rock markings, and the 
alignment of the moraimc ndges It is obvious that the loe move- 
ment that produced the drumlins was not the same one which was 
responsible for the scratches on bedrock or for the construction of the 
moraimo features The author is inclined to the view that detailed 
mapping of the till plain will reveal the presence of mimeroua 
drumlins not indicated in Figure 1 
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Cheboygan CounJty 

A small cluster of rather well defined drumlins is situated m the 
clayey lacuatrme plam near Aloha, on the east side of Mullet Lake 
They appear to have been formed on a till plam that was spread out 
by the Huron lobe upon its retreat from the inner ndges of the 
Manistee moraine to the position of the Cheboygan ndge The 
latter moraine marks the final stand of the Huron lobe in the South- 
ern Peninsula previous to its retirement into the lake basm 

The drumlins in this area protrude above the clayey plam, whose 
elevation ranges from 600 to 660 feet They were completely covered 
by the waters of Lake Algonqum, the shore of which is marked by 
features that stand at a level of 740 feet above sea level During this 
stage of inundation the forms were thoroughly washed by water, and 
m all probability much of the finer material was earned away Again, 
m the Nipissing stage of lake development the portion of the plam 
below the level of 625 feet was covered by water, with the result that 
certain of the drumlins were further scrubbed by waves 

The drumlins m this area bear generally S 40'*E They are 
aligned m a direction more or less parallel with those near Onaway 
and Alpena farther south and were undoubtedly formed by the same 
ice movement which was responsible for their sculptunng The 
Aloha drumlins have a trend which is roughly parallel to the morainal 
ndges that mark the position of the retreating ice border They do 
not conform with the glacial grooves and stnae whose beanngs on 
the rook pavement at Tower dam and Marvm quarry are S 27** E. 
These dnimlms are the youngest m the Southern Peninsula and were 
formed by the Huron lobe m its final readvance before leaving the 
Straits of Mackinac 

DISCOBDANCB OF TRBNDe A RBFLBCnON OF MULTIPLE 
ICE ACnVITT 

The lack of alignment between the trends of the drumlins and the 
moramic ndges m ihe Alpena, Onaway, and Aloha distncts may be 
referred to a conflict of activities m the ice sheets which deployed 
over the area The discordance of these trends as related to the 
bearings of the glacial markings on the rock pavement further 
oomphoates the picture 

It IS the opinion of the author that at least three episodes of ice 
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movement were mvolved m the development of the features ex- 
pressed m the area The first and major advance of the Huron lobe 
18 related to the activities winch scored the rock surface The ice 
which was responsible for the formation of the Huron lobe had its 
ongm m tike toe-filled Superior basm It deployed across the low- 
lands of tike Northern Peninsula and found its way into the Huron 
depression in the region to the east of the Straits of Mackmac 
This advance of the ice is marked by grooves and stnae which run 
in a direction ranging from S 27^E m Cheboygan Coimty to 
S 50^ E in Alpena County 

After the main ndge of the Port Huron morame had been formed 
the Huron ice retreated slightly to the north of eastward across the 
northeast portion of the Southern Pemnsula Pivoting on the Port 
Huron morame, the ice front melted back mto the Huron basm, leav- 
mg m its wake a succession of parallel north-south-trending moramic 
ndges.^ (See Fig 2 ) 

Before the final breakup of the lobe in the Huron basin there 
was a readvance of the ice from the Straits in a direction parallel 
to the major trends of the drumlins The movement of this mass of 
ice, confined between the previously fonned moramic ndges, was 
thus directed mto Thunder Bay near Alpena In its advance across 
the mtermoramic plain the till was sculptured mto a senes of drum- 
1ms whose bearings range from S 35"* E to S 40'’ E. 

Grand Traueree DrunUtn Area 

An extensive area of drumhns is developed on the till-plam dis- 
trict lying between Grand Traverse and Littie Traverse bays in parts 
of Grand Traverse, Antrim, Charlevoix, and Emmet counties The 
till plam was fonned by the activities of the Michigan lobe during 
its retreat from the position of the Manistee morame 

In the northern part of the distnct the drumlins extend inland 
from Lake Michigan for a distance of twenty miles They have their 
best development in the section between Torch and Charlevoix lakes, 
where they assume the idiape of linear ndges separated from one 
another by mtmrenmg sags The majority of the drumlins in this 
portion of the jdain have a length whidi nuoges from one half to 
three quarters of a mile, althou^ some of the more promment ridges 

' Bergquist, 6L G , '^Surface Geology of Montmofen^ Ooimtyi Miohigan," 
P^p ATuA Amd iScd , Artp, aadZetteri, 25(ltK8e):4M<^ IMO 
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attain a length of more than one and one-half milea In general, 
the drumlms range m width from one eighth to one quarter of a mile 
and are as much as fifty and sixty feet high In the southern part of 
the district the features are rather poorly developed and assume the 
form of oval drumlmoids In this sector the forms are crowded mto 
a narrow belt of till plam immediately inside the Manistee morame 
Leveret!^ describes the drumlms as being "composed of very 
evenly mixed stony till, stones being distributed throi^h almost 
every inch of the deposit In roost of the exposures the till shows 
mdistinct partings rudely concentnc with the surface " 

Along the border of Grand Traverse Bay the drumlms trend 
slightly east of south They run somewhat parallel to the great 
valleys which are occupied by Elk and Torch lakes In the district 
around Lake Charlevoix the direction of trend of the ridges changes 
abruptly, many of the forms assuming directions which average 
S 36^ E There is a marked discordance between the trend of the 
drumlms and the direction of movement of the ice which was re- 
sponsible for acourmg the basin which now contams Lake Charlevoix 
In the area between Torch Lake and the east arm of Grand 
Traverse Bay the ndges run generally parallel to the long axis of the 
marginal lakes It is doubtful, however, whether these rock basins 
were embossed by the same ice advance that remodeled the till mto 
drumlin ndges 

On the eastern edge of the till plain the glacial drift cover is very 
thin Many of the ridges which feature the landscape have been 
sculptured out of shale by the erosional work of the readvancing ice 
Near Ellsworth m Charlevoix Coimty and also south of East Jordan 
in Antrim County some of the drumlms have their underpmmngs m 
the Ellsworth sh^e 

DBUMLUr AREAS IX THE KORTHBRK PENmSVLA 

Iron Coun^ 

The oldest area of drumlms m tixe Northmi Peninsula is located 
on a till {dam which is centered in the district of Iron River The 
drift of this plam may be attnbuted to an loe activity that was 
responsible for the Chippewa-Keweenaw ice tongues which were 
directed m their movement largely by the Keweenaw Peninsula 

* Lmratt, F , and Taykur, F B , “Tbe Plewtceene of Indiana and Michigan 
andthsHiatovyof the Cheat Lalm/'Cr.df CM Mon 1915 
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The Chippewa lobe was induced by the broad embayment west of 
the peninsula, whereas the Keweenaw tongue found its way through 
the narrow bay of that name to the east 

The till plain which carnes the drumlins is composed of a hetero- 
geneous mixture of drift ranging in texture from fine clay to sand 
A wide variety of boulders, many of local derivation, are scattered 
over the surface and likewise incorporated with the matenal that 
comprises the drumlins 

RusselP refers to this extensive plain as having a topography 
which 18 distinctly moramic He also separates the dnft mto an 
older red till east of the Chicaugon-Trout Lake depression and a 
younger overlying gray till to the west of the slough His interpre- 
tation of the topography of this plain was incorrect, for it is obvious 
that the ndgolike character of the surface and its drumlm associa- 
tions would mdicate deposition by moving ice rather than marginal 
deposition at definite stationary stages of ice retreat ^ 

The general ahgnment of the ndges and valleys m the plain, 
together with the direction of the stnae on the rock pavement, would 
mdicate that the Chippewa lobe which sculptured the drumlms 
moved m from the northeast with a generally S 20^ W to S 45** W 
trend The ndges range from low oval, symmetncal drumlmoids to 
well-defined elongated and smoothly rounded forms averaging one 
half to three quarters of a mile in length The drumlins are separated 
from one another by poorly drained sags and basins which hold 
numerous swamps, lakes, and minor drainage ways 

Alger CauTUy 

A small cluster of drumlins is situated on the north edge of the 
‘‘Trcnary” till plain m the vicmity of Eben. The plain is composed 
of a reddish loose-textured bouldery till containing an abundance of 
locally denved flat blocks of limestone ahd dolomite It stands at 
an elevation of 1,000 to 1,100 feet and was formed by the activities 
of the Green Bay lobe, which found its way out of the Superior ice 
mass through the Au Train-^Whitefish depresmon. 

The wide distnbutioii of eskers over the surface of the ^'Trenary” 

* RuaKll, X C , **Th6 Surface Geology of Pordoos of Menommee, Diokuuon 
and Iron Counties, Miohigan,” Annwd Bepart ef (As StoSs Board qf GsoiogMof 
Survsy/er the Year XBOe^ pp 40-62 

< Bsrgquist, 8 G., “Qiaeial Geology of IronOoun^, Miiddgaii/* Fop AficA 
Aoai 8oLi Arte, and LeUont 16 (1081) * 866-872 1082 
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till plain suggeets an origin by ice stagnation * A slight readvance of 
the ice across the north edge of the plain was responsible for the 
sculpturing of the drumlins* 

The drumlins of the Eben district are somewhat steep-sided and 
elongated in a north-south direction They are made up of a hetero- 
geneous mixture of reddish boulder clay and contain numerous slabs 
of local limestone and dolomite whicli are set mto the structure 
without any definite onentation The ndges average about twenty 
to forty feet in height and range from less than a half mile to more 
than a mile m length They have a trend which is roughly north to 
south and are parallel to the direction of ice movement as shown 
by striae on adjacent rock expiosures 

Menominee Drumltn Area 

With the exception of a few small morainal ridges which mark its 
west and southeast borders the surface of Menommee County may 
be regarded as comprising a vast till plain In his description of the 
area Ver Wiebe * states that dnimlms are present m nearly every 
township j over SIX hundred individual forms have been counted in 
the twenty-five townships m which they are most promment 

The drumlins occur m the form of smoothly sloped ndges, 
elongated in the direction of the major ice movement The general 
axial trend of the forms is S 40^ W , with a dight departure from 
this direction in the western part of the county The majority of 
the dnimlms are about three quarters of a mfle long, although a few 
of them are extended to a length of over one and one-half miles 
They have blunt stoss ends and taper off to gentle profiles on the lee 
or tad slopes 

Double and tnple drumlms, m which two or three parallel ndges 
are superposed upon a sbgle drumloidal ardi, are not uncommon 
Numerous eskers are associated with them They usually occur m 
the troughs between Hie drumlins and are align^ parallel to the 
major axis of the ndges Russell ^ desenbes a compound ridge un- 

* B«rgi)uist,S G, "The Fkutooene History of the Tahqusmttnon-Manistique 
Drainage Bei^ of the Northern Peninsula of Michigan," MtcMyon Osoiogiml 
ofid BuAoouialBumy, Publ 40, OeoL Ser 34, pp. 63-08. 1986 

* Ver Wiehe, Walter A , "Surface Qeol^ of Menondnee County," Pap 
Mieh Aead SM , Arts, and LotHen, 7 (1936) * 167-179 1927 

' Runell, I C , " A Qeologloal ReconoaiBBaiioe ahmg the North Shore of 
DUm Huron and MlehtgaUf " Anaiial Bepmi ej the Stats Board ef CMogtcal Sur^ 
poyfor (ho Yoar 1904% pw 77. 
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mediately south of Wilson, where a well-defined esker is }>erched 
upon the summit of a drumlm in such a manner that the longer axes 
of the two features coincide He cites *'a conspicuous example of an 
esker extending m a direction approximately at n^t angles to the 
longer axis of the associated drumlm’’ in the area about half a mile 
northwest of the village of Spalding The drumhns of the Menomi- 
nee district were shaped by the activities of the Green Bay lobe, which 
deployed over the till plain as a tongue protruding from the mass of 
ice which then filled the Supenor basin 

If we accept the viewpoints of Anderson * and Flint * that eskers 
are formed under conditions of stagnation, then it would seem to 
follow that the last icc sheet which advanced over the till plam must 
have stagnated after the drumlms had been formed In all proba- 
bility the ice disappeared from the area as a result of ablation and 
evaporation This would lead us to the conclusions expressed by 
Alden — that the eskers were formed subsequent to the shaping 
of the drumlms 

The material m the drumlms of the Menommee district is ordi- 
narily unassorted and unstratified In that respect it does not differ 
materially from the till of the plam out of which they were formed 
Occasionally a section ^ows rude beddmg planes which are parallel 
to the 6urfac*e contour of the hills, which mdicates that melt water 
was actively at work during the drumlm-shapmg interval 

Mackinac Courdy 

A small isolated group of drumlms is situated on Les Cheneaux 
Islands m the distnct between Hessel and Cedannlle They are 
distnbuted over a surface where relatively tbm drift covers the bed- 
rock Russell desenbes the drumlms as being of the elongated type, 
m several instances from one to two miles m length and with a 
maximum width of five hundred to eight hundred feet. They have 
a height of forty to fifty feet above the mtervening troughs They 
are composed of a compact clayey till of reddidi color and oontaan 

* AndenoopS A, “OThe Waning of the Last OcmtmentalQkoierm Denmark 
as niiMtrated by Varved Clays and fidEen,*' /sum. ihol , 89 600-684. 1081 

* Flint, R F , “The Stagnation and Dissipation cd the Last Ice Sheet,** 

6eoQ 266-289 1929 

^ Ald^ W C , “The Dnunlini of Southeastern Wtaoonain,'* U S Chat. 
iSurVtffwU 875*48 1906 

u RusseS, L C , “Drumlin Araae In Northern Mlohlgaa,** Am. CM., 85 177- 
179 1906 
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numerous boulders, many of which are of local derivation The 
majority of the drumhns have a bearing 8 52^ E and are aligned 
parallel with the capes and the narrow rock ridges that make up the 
islands The trend of the striae in the rock pavement oonforms 
closely to the direction of the drumlin forms 

The drumhns are situated on an area that was previously covered 
by the waters of Lake Algonquin They were also under water during 
the Nipwsmg stage, at which time they were no doubt thoroughly 
washed and scrubbed by waves The prevalence of concentrated 
boulders and coarse material m tliem gives testimony to the removal 
of much of the finer material Many of the outlymg drumlins are 
today partly submerged in the waters of Lake Huron and are being 
subjected to lacustrme wave erosion 

The drumlins of Les Cheneaux Islands district were formed by a 
lobe which extended into the Lake Huron basm They were shaped 
by ice which readvanced over the till plain in a direction generally 
S 52^ £ after the Kinross morame in Chippewa County had boon 
constructed They trend more or leas parallel to the axis of the 
Kinross ndge and show the same discordance that is manifested m 
the Alpena, Presque Isle, and Cheboygan areas in the Southern 
Pemnsula Thus it is obvious that at least two mo\ementB of the 
ice were responsible for the development of the features in this 
portion of the state 

The drumlm areas which have been reviewed m the foregoing 
pages represent those which are known in Michigan at the present 
wnting The author is of the opmion that other districts as im- 
portant as many of those referred to will be discovered when the 
surface features of the state are worked out in more detail 

Micbioan Stats Cqi:.l80x « 

East Lansing, Michigan 
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THE DISTRIBUTION OF MINOR FAULTS 
IN THE TRIASSIC OF PENNSYLVANIA 

DEAN B. McLAUQHLlN 
ZNTRODtrOTlON 

T he existence of numerous mmor faults m the Tnassic rocks of 
the eastern Umted States^ particularly those of the Connecticut 
Valley, is so well known that it is almost taken for granted that 
those formations are extensively faulted wherever they occur This 
view has occasionally been earned to the extreme of suggesting that 
there may be manifold repetition of strata, and that the real thickness 
of the senes is only a small fraction of the calculated value 

The tracing of identifiable beds for distances of many miles 
along the strike, especially through pitching folds, has led the writer 
to conclude that unrecognised faults cannot produce more than 
a neghgible effect on the apparent thickness ' The fidd work in a 
large area is now near enough to completion to permit an attack on 
the question of faulting from a somewhat different point of view, 
namely, the distnbution of observed minor dislocations and of ex- 
posures of sheared or crushed rook If there are any hidden faults 
of major importance, some of them ought to reveal their presence by 
the occurrence of disturbed outcrops 

TBB BTRUOTUBB OF TBB TRIASSIC BOOKS 

The pnnoipal structural features of the Ifewark senes from the 
longitude of Pnnoeton, New Jersey, westward to Heading, Penu- 
sylvazua, will be evident from a study of the structural map, Figure 1 
DirectiODB of strike of the beds are mdicated by negative contours at 
mtervsls of 2,600 feet, measured from the base of the series These 
represent the stratigraiduo elevations of beds which outcrop at the 

^ A poftba of ifak svidsaoe hss bsea ptemted in euUsr pspen. MoLaugb- 
lin, D B., A Note on the SCratign^ihy of the BruDswiek Formstbn (Newa«) 
inFeiu>iiFlvBiii%'^P^*6ri0kAeadfid,Afte,afidI^ 431 1088 

Id$mt **Nolie on the HiUiknen end Struoluie of the Tnaieie Seriee in Peniuyl- 
vania" (Abstraefc), BuB. CM. Soe, Am,, 44. 178 1088 
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average land surface (about 400 feet above sea level) Only sedunen* 
tary formations have been included in the totals The larger areas 
of ^abase are also exhibited on the map 

In calculating the contours the Delaware River section was 
adopted as fundamental, and the base of the Stockton formation there 
was taken as aero The Stockton-Lockatong contact hes at 4,500 
feet, and it is assumed that the trace of that honaon establishes th^ 
4,500-foot contour throughout the area in which it occurs ‘ Higher 
and lower stratigraphic levels were computed relative to the base of 



Fto 1 Structural map of the Tnaado rooks m eastern Fennsylvania and western 
New Jeney The contours are negadve and indicate stratigraphie devsF 
turns above the base of the seriea for beds which outcrop at the average land 
eurface <devatu)n about 400 feet above aea level) local uneertainties of 
some contours are referred to m the test Diabase is not included in the 
tbiokneeees 

the Lockatong by means of observed d^ and widths of outcrop, 
but these were adjusted on identifiable strata, such as the black-shale 
beds m the overlying Brunswick formation, wherever they ooourred. 
Systematic effects due to errors m the measurements of strike have 

* Doubtlecs this is not stnctly true, espceisHy west of the SobnyMl River, 
where the Lockatong tltfna sad dissppeara But ite base is the most neatly fixed 
easUy identifiable bcnisott in the lower pen of tihe seriea and until a inore teliable 
Bubetitate can be found (or until tta variation can ba measured) it appeals worUi 
while to adopt it as fixed for pnwtioal poiposae. 
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thus been avoided wherever key honacms were available ' The im- 
plied aasumption that aoimlar thickneases of strata occur m different 
sections between any two given honsons is apparently not seriously 
m error withm the region of deposition of black shales Some sys- 
tematic variations are to be expected from east to west, m view of 
the differences m the conditions of sedimentation ^ It is seen that 
the lower half of the Stocktcm formation disappears westward and 
that the 2 , 600 -foot contour abuts against the underlying crystallme 
rooks several miles west of Phoemxville 



Fio 2 Diatnbution map of the ores remweDted in Figure 1, showing locations 
of exposed minor faults and distune outcrops Only the alternate con- 
tours from Figure 1 are reproduced Diabase areas are not shown, except 
for (he dike which occupies a fault Gower left-hand corner of the map) 

4 

Over a large part oi the region the rocks dip toward tiir north and 
northwest Along tite Delaware River northwesterly dips of ten to 
twenty degrees are the rule The Hopewell and Flemington faults 
out across the Newark rocks m western New Jersey and cause a large 
portion of the senes to be repeated in three belts Within each of 

' The eontouni on B 8 Lynisn’e map of a part of this area (Pmao Qtai 
Svn , Final Bep^ Atioe*. eheeta 10 and It. 1M6) differ ^retamatieelb' from 
thoee detemdned by the writer, probably for the reeeon giTHi 

4 MeLaughlin, D B^ “A Great Avivlal Fan in the Trieaae of Fenneyl- 
vsnia,’'l>«p JfuA. dead. 5ef, Aril, and L4<«re,M, Fart IV (IMS) M 1«8D 
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the three areas the tilted strata maintain approximately the same 
strike for a number of mdes, though some broad flexures are super- 
imposed upon the prmcipal monoclinal structure 

North of Pennington the Hopewell fault has a displacement of 
about 7,000 feet, with downthrow to the southeast It does not 
bring up the base of the senes, probably 3,000 feet of the Stockton 
formation lies beneath the surface According to Hawkins,* the dis- 
placement increases to 10,000 feet about twelve miles northeast of 
there The fracture nearly dieii out in Pennsylvama, and the con- 
tours in Figure 1 imply an actual rt^versal of the direction of throw 
about five miles west of the Delaware, but this particular feature is 
uncertain 

The Flemington fault has an equally large displacement, reaching 
a maximum of about 10,000 feet at the Delaware River, with down- 
throw to the southeast Just southwest of the nver it exposes 
Cambrian quartzite and limestone beneath the Stockton formation m 
a belt several miles long Where it crosses the nver the great fracture 
has two branches which are joined at both ends and form a small 
lenticular mass between the major fault blocks 

The Flemington and Hopewell faults jom a few miles southeast of 
Doylestown, Pennsylvania From there westward the fracture is 
known as tlie Chalfont fault The displacement decreases from about 
5,000 feet at its eastern end until it passes mto a pitching anticline 
about eighteen miles to the westward For two or three miles south 
of the Chalfont fault the strata dip soutbwestward This should not 
be regarded as tnie drag, ratlier, the structure appears to be a 
faulted anticline, of which the beds that dip soutbwestward form 
the southern limb 

Farther west to the longitude of Readmg the lower 10,000 feet 
of the senes dips northwestward with broad gentle flexures which 
produce northeasterly dips west of Phoenixville and northwesterly 
m the area directly south of Reading A large diabase dike oocupieB 
a fault near the southern border ten to fifteen miles west Fboenix- 
villc, and pre-Tnassic rocks are exposed as an inlier just north of the 
dike The intrusive enters the Tnassic area just cast of the inlier and 
cuts northwestward across 10,000 feet of strata m a distance of 
twelve miles Throughout that course it evidently occupies a fault 

> Hawkins, A C, *'Msior Faulting m the Truumic of New Jersey*' (Ahstraoi), 
BuU Otd.Soe 4m, 61 1004 1040 
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whose displacement is about 2|500 feet, with the downthniw on the 
northeast side 

Most of the mtrusive bodies of diabase occur in the Brunswick 
formation, the uppermost of the three pnncipal members of the 
Newark series West of the Delaware River the prmcipal igneous 
mass IS a sill 2,000 feet thick, with its lower contact at a variable level 
of 12,600 to 14,600 feet above the base of the Stockton This sheet 
and the entire upper part of the sedimentary senes are thrown intx) 
broad folds that arc cut off by faults at the northern border North 
of Flemmgton, New Jersey, the folding also mvolves the lower forma- 
tions, and the base of the Stockton is exposed at the northern bound- 
ary There the beds dip southwestward on the limb of a broad 
synchne Other wide basins occur north of the diabase outcrop 
One of these lies about Quakertown, the next is several miles farther 
southwest, and the third is east of Boyertown It contains shales 
whose stratigraphic position is more than 20,000 feet above the base 
of the senes Between Pottstown and Reading there is a still deeper 
synchne on whose flanks steep dips occur At its center, close to the 
border near Reading, an extrusive sheet of basalt lies at a strati- 
graphic level of 23,000 feet, and the shales and sandstones that overlie 
it are undoubtedly the youngest Tnassic sediments in the entire 
region 

The accuracy of the contours in Figure 1 vanes from one part of 

the map to miother They are believed to be quite precise up to 

12,600 feet m the region west and north of the Flemmgton and 

Chalfont faults Over most of the remaining area they are considered 

good approximations, except for lodkl imcertainlaes * In the synclinal 

htaan. almut Quakertown, however, and in the next trough southwest 

of there the placing of the 15,000-foot contour is only rough 

# 

BVXDBNCBS OF FAULTING 

For our purpose a minor fault may be defined as one which does 
not have at any place a displacement equal to a large fraction of the 
thickness of one of the principal formations For definiteness we may 
name an upper limit of rouc^Iy 600 feet 

* The most important of these doubtful features are (1) the 6,000-foot 
level in the southam belt where it abuts agidnst the Chalfont fault, (2) the 
7,600-loot oontour west of the Delaware, just north of the Hopew^ fault, 
(8) the 10,000-foot oontour near Fhnnineion, and (4) the ia,60O-foat oontour 
south Remington. 
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Evidences of dislocations fall into throe classes 

1 Some faults are actually exposed and produce visible displace- 
ment mthm a sm^e outcrop These require no furtiier comment 
We group with them a number of faults which have been inferred 
from offsettmg or sudden disappearance of recogmaable strata, such 
as the black shales within the red Brunswick beds 

2 Exposures of sheared, shckensided, shattered, and brecciated 
rook furnish strong evidence Abnormal jomt patterns and especially 
mtense jomting may mdicatc the proximity of a fault 

3 In the Newark rocks, m which folding is on a broad and open 
scale, anomalous dips and strikes are very sigmficant Small abrupt 
local flexures of strata are included in this group In general, only a 
stnke diffenng from the regional value by 45 degrees or more was 
considered discordant, but the limit had to be vaned according to the 
character of the rock and of the exposure, and one very conclusive 
discordance of twenty degrees has b^n taken as sigmficant Differ- 
ences of dip without change of strike were not admitted unless they 
mvolved deviations equal to the regional dip for angles of fifteen 
degrees or more 

The positions of disturbed outcrops are plotted on the distribution 
map, Figure 2, on which the three categories desenbed above are 
distmguished by different symbols In some regions, owing to the 
dense clustering of faults and sheared exposures, it was impossible 
to plot all of them on the map, so that it falls short of representing 
the true mtensity of the heaviest concentrations On the otiier hand 
all isolated locahties are mdicated It would be an overstatement to 
say that every exposure of rock m any given area has been exam- 
ined, but it IB certain that a very large sample has been observed. 
Moreover, some regions have been traversed only in reconnaissance, 
whereas others have been studied with the utmost care With these 
quahficattons it is bdteved that the data give a peture of the extent 
of faulting in l^e Truuasio rocks which is correct m its essential fea^ 
tures 

Only the alternate contours from Figure 1 are reproduced in 
Figure 2 In order to avoid crowding the latter map the diabase 
areas also are omitted, with the exception of tiie dike m the 
lower left-hand comer; its outline is lAown, sinoe it marks the course 
of a major fault. 
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BXLATIONB OF DXBTURBKD EXPOBURSB TO THE MAJOR FAULTB 

Inspection of Figure 2 reveals interesting groupings of the dis- 
turbed localities It was to be anticipated that the exposures of 
sheared, shattered, and crushed rock would follow the principal lines 
of dislocation, and this is abundantly confirmed On the basis of 
the distribution of such outcrops alone, without reference to other 
effects mcident to major faulting^ we could trace the approximate 
courses of the Hopewell-Chalfont and Flemmgton fractures Further, 
we may conclude that the lack of any equally conspicuous lines of 
crushing in other localities indicates that there ore no other faults 
of similar magmtude m the area under consideration 

It might have been expected that the observed mmor faults 
would show a rather haphasard distribution over the entire region, 
but there is no such effect They also are strongly concentrated in 
the vicimty of the two major faults Indeed, for a distance of several 
miles they serve to mdicatc the northward prolongation of the belt 
which is disturbed by the Hopewell fault At the other extrem- 
ity the presence of several imnor dislocations and shear sones on 
Perkiornen Creek mdicates the westward extension of the Chalfont 
disturbance 

It is noteworthy that the strikes of the minor faults from south of 
Doylcstown to Perkiornen Creek show no tendency to parallel that 
of the major fracture In fact, there seems to be a preference for 
stnkes nearly perpendicular to the trace of the Chalfont fault On 
the other hand, the several dislocations on the northward extension 
of the Hopewell fault do seem to tend toward alignment with it 

The anomalous dips also are clustered strongly toward the 
prmcipal lines of fracture These disoordanoee are by no means 
obviously caused by drag, m muiy places the strikes are almost 
perpendicular to, instead of parallel with, the major faults Such a 
relation, if produced by drag, must imply not only a vertical displace- 
ment, but honaontal motion as well The general impreBsion that » 
conveyed is that the directions of the anmalous dips are systematic 
over limited distances, but haphasard when larger regions are con- 
sidered, and thM no simfde honsontal shearing could have produced 
them. Rather, they seem to r^resent variations of displacement of 
the major fault with which they are associated, or diverse tilting 
of the smaD blocks which are bounded by the mmor fractures that 
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traverse the rocks near the larger dislocations Discordant dips 
which are apparently quite random m direction occur abundantly 
along Neshammy Creek from a pomt south of Doylestown to Chalfont 
five miles west of there 

Besides the marked clustenng of disturbed outcrops along the 
pnncipal dislocations witlim the Tnassic rocks there are groups of 
locahties and scattered individual ones near the north border, which 
18 determmed by a majoi fault or system of faults The dense group 
west of Milford, New Jersey, where the Delaware River enters the 
region of Newark outcrop, will be discussed below The fact that 
there is not a strong concentration of localities all along the north 
border can be attributed m large measure to the character of the 
rook Much of it is coarse conglomerate which is deeply weathered 
and, consequently, is poorly exposed, except where it has been cut 
through by the Delaware and Schuylkill nvers Small faults and 
shear eones thus escape detection at many places along the northern 
boundary 

IMPORTANT CmOlTPS OF MINOR FAULTS AND DIBTURBANCBB 

The significance of clusters of disturbed outcrops will now be 
discussed Many of tliese exposures, taken by themselves, could 
hardly be regarded as establishmg the existence of faults But when 
they are considered together, their grouping and especially their 
alignments strongly suggest the location of previously unknown dis- 
locations The localities will be taken m order from east to west 

1 About one and one-half miles east of the Delaware lUver the 
Hopewell fault, as mapped m the Trenton folio/ makes a sudden 
turn southward (see Fig 3), at the nver it bends agam westward 
and passes between Bowmah HiU and Jencho Mountam. There 
is good fidd evidence m support of this mterpretation, yet the most 
obvious hne of crushing is not along the fault as mapped, but about 
one mile north of it Locations of disturbed outcrops are diown m 
Figure 3 The sone of shattered rock passes throufdi die Mercer 
County Workhouse quarry at Belle Mountain on the New Jersey 
side of the river and follows a course north of Bowman Hill m Penn- 
iQrlvania, thence west and southwest, and it probably joins the 
other branch of the fault near the west end of Jencho Mountain 

* Dartcm, K H , and Kummel, H B , C/ dF ihot Surv , Fdlio 167* Areal 
QetdorioMap 1909 
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Fig 3 Dwtnbution of diHturbod outcrops south of LambertviUe, New Jers^ 
The 200-, 300^, and 400-foot topographic contours are reproduced to outhne 
diabase bills (cf Fig 1) Half-fiSed circles indicate amnnalous dips, filled 
circles, sheued or shattered exposurest circled spots, very intense shearing 
The full line ^ws the oounNi of the Hopewell fault as mapped in the Trenton 
fcdio, the dashed line indicates the mfCrred course of another branch of the 
faidt 

about three miles west of the Delaware The resultant small block 
of sedimentB, with an intrusive body pf diabase (Bowman Hill and 
Belle Mountam), is similar to the lenticular mass between the main 
fault blocks north of Lunbertville 

2 Probably the most interesting disturbed wea lies west of Mil- 
ford, New Jersey In the excellent outcrops along the Delaware 
River and alcmg the norttiward-flowing cre^ which joins the nver 
about one and one-half miles southeast of the border there are many 
faults and shear aones. These trend northeast and north-northeast, 
and in the prmapal faults ibe downthrow is on the southeast side 
A few examplea of the reverse diiplaoraamt were observed, how- 
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Fxo 4 Qeologic map of the faulted dutrict west of Milford, New Jvney Bound- 
anea between red and altered ehale (baked by diabaee) aie gradotionM 
Black-idude members are daeiginated a, b, d m aeoendlng order Moat of 
the eonglomerate-Bhak boundaries are gradational (both vertically and 
along the strike), but the eastern end of the large oongloinerate area may be 
detemuned by a fault The northeaet end of ^ large Hayooek dkbaae sill 
lies just outside the area shown in the lower left-hand eomer of the map 
The northeastward extension of the altered shale along the south side of the 
conglomerate, shown at the left-hand ride of the nu^i, is attributed to a 
buned intrusion 

ever* A geologic mgp of the area is given in Figure4 The aggre- 
gate throw of the faults which cross the nver amounts to at least 
GOO feet, but probably does not grea^tly exceed tl^ figure Toward 
the northeast they are lost m a rei^n of scarce exposures, and the 
eastern ones disappear southward m the huge area of that 







FmnUa %n ih$ Tnosnc 


476 


cape the plateau The two whteh lie farthest west evidently con- 
tinue Bouthwestward and cut into a small dome of red shale, which 
contains two blaok«ebale members These faults are finally lost in 
a region of few outcrops The southern of these two disloc^ations 
IS actually composite Exposures along Highway U 8 -611, which 
parallels the creek, show at least six faults within a distance of only 
a little more than one hundred yards, all with a southeasterly dip 
of about forty-five degrees Similarly, where two fractures are 
shown to join m the conglomerate north of the nver, there are five 
observable faults Between this disturbed area and the north border 
a few shear sones occur but they do not appreciably offset the blaok- 
shale strata, and they are omitted from the map 

3 Five miles west of Doylestown a sone of anomalous dips, 
with a few dieared outcrops, branches from the Chalfont fault and 
trends southwestward, passes just north of Ijansdalc, and disappears 
(see Fig 2) Probably it marks the course of a large minor fracture 
Exposures are relatively few, and it is not possible to trace identi- 
fiable beds, BO that there is no reliable indication of the amount of 
diaplaoemont The discordant dips are chiefly eastward, in contrast 
to the normal westerly to northwesterly dip of adjacent areas, hence 
it appears that the downthrow is on the southeast side 

4 A cluster of faults southeast of Lansdale represents the large 
Qwynedd cut of the Reading Railroad Several strike faults are 
exposed there, and the dip of the Lockatong formation is much higher 
than at places east or west of that locality According to the maps 
m the I%iladelpbia folio,* the width of outcrop of the Lockatong at 
that place is decidedly constricted These several farts are probably 
related, and the abundance of strike faults in the Gywnedd cut can- 
not be regarded as necessarily typical of the whole region 

5 North of the Schuylkill River a line 91 disturbed exposures 
trends northwestward, passing just north of Pottstown, and appears 
to lead to the border northwest of there To some extent this group- 
mg may be fortuitous, since the sheared exposures two miles east of 
Pottstown are associi^ with a diabase dike which strikes north 
by east through the region It appears posable, however, that an 
obscure fault passes northwestward through ^that area More field 
work will be required to establish the character of this disturbance, 

I 

• Darton, N. H, Cf 5 8we, Folio 162: Aieal Geologic Maps 1909 
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which seems to bear a relation to the anticlme separating the deep 
baams that he northeast and northwest of Pottstown 

6 A probable dislocation is indicated by a southwestward trend- 
ing group of anomalous dips south of the large diabase dike and 
north of the pre-Tnassic iiilier m the southwestern part of the map 
(Fig 2) The ruck of the area is conglomerate and h not abundantly 
exposed The discordant dips are chiefly northeastward, as distinct 
from the northwesterly regional dip Two or thret* faults are exposed 
in railroad cuts within the area 

7 The recognition of the cluster of locabties just south of Reading 
IS mainly due to the hotter exposures there, and not to more abundant 
faulting than at other places along the north border 

SMALLER mSTURBANCEB 

Besides the evident clusteringB just described there are a number 
of isolated localities and less obvious groups that deserve specific 
mention Again we take them in order from east to west 

1 Southwest of Princeton discordant dips are associated with a 
sharp flexure of the Stockton-Lockatong boundary and of the 5,000- 
foot contour A connection with the anomalous dips north of Pen- 
nington is suggested It dot's not appear possible to decide from 
available evidence whether this represents a fault or a fold The 
former is suggested by the disturbed outcrops near Prmoeton, but 
evidence outside that locality is hmited by scarcity of expomires 

2 Anomalous dips and a small fault west of Pennmgton are per- 
haps due to a near-by intrusive mass rather than to the effect of the 
Hopewell fault 

3 At Pomt Pleasant, Pennsylvania, on the Delaware River seven 
miles northwest of LambertviUe, and at Byram station, New Jer- 
sey, just opposite, a displacement of the Lockatong black argillite 
IS associate with a small sill and the dike along which the magma 
ascended 

4 From a pomt on the Delaware River four miles south of 
Ftmchiavm a hne of disturbed localities trends southwestward for 
several miles* Anomalous dips occur at the extremities of the line, 
and at its middle east of Tcduckon Creek a thick black-ehale member 
appears to be locally mlsBing A fault la inferred, with a maximum 
diaplaoement of about one hundred feet, but the evidence does not 
appear conclusive. 
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5* An ofFaet of one of the blaek-^ale members in the Brunswick 
formation occurs three miles east-southeast of Frenchtown, and it 
IS thought to be related to an anomalous dip one mile east of that 
borough These disturbances are probably not connected with those 
described m section 4 

6 The isolated spot on the map mdicating a locality of large dis- 
turbance three miles northwest of Doyleatown refers to a friction 
breccia, fragments of which were found in the dump of the old lead 
mine at New Galena 

7 A fault is exposed in the Reading Railroad cut at the bend 
of the Schuylkill three miles southeast of Phoenixvillc The same 
dislocation is visible in a road cut atiout one-half mile southwest of 
there and close to the base of the formation It strikes northeast, 
m common with the other mmur offsets which occur m the lower 
portion of the senes south and west of Phoenixvillc and, like them, 
it has the downthrow on the cast side Several small faults are 
exposed m cuts of the Reading Railroad farther north along the nver 
between Phoemxville and Pottstown 

8 West of Pottstown some exposures of sheared and slickensided 
rock occur neai the sharp change of stnke at the axis of the deep 
syncline Probably no important faulting exists in that area 

9 In the Reading Railroad cut east of Birdsboro station (on the 
Schuylkill River niidwav between Pottstown and Besding) there is 
a fine exposum of a fault It is the only one the writer has seen 
which might be called a thrust The strike is northwest, the dip steep 
northeast, and drag shows that the upthrow was on the northeast side 
It strikes directly toward a conspicuous offset of the diabase sill two 
miles to the northwest, but a connection is not established 

1HE SCARCITY OF FAULTING IN THS> NORTHERN 
DELAWARE RIVER SECTION 

Probably the most significant result of this study is not the 
reoQgmtion of previously unknown faults and of groupings of dis- 
turbed outcrops, but the demonstration that there are large areas 
m which a thorough examination has failed to reveal evidence of 
appreciatde disturbance The best exposures m the region are those 
along the Delaware River from Lambertville to the north border 
That section has been studied in detail by the writer, and equally 

close attentioii has been given to the splendid section along the 
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deep gofrge of Tohickon Creek Large diaturbances near the Fieimng- 
ton fault north of Lambertville have already been noted, and a region 
of intense faulting and shearing has been shown to exist near the 
north border above Frenchtown and Milford But in the section 
between, except for a few slight disturbances which are recorded on 
the hiap (Fig 2), there is an evident dearth of faulting throughout 
the 12,000-foot column from the base of the Stockton formation to 
the Bill of traprock which caps the plateau west of Frenchtown 
Faults have a way of hichng themselves No claim is made that 
minor faults do not exist where none have been found In the best 
sections there are covered stretches where small dislocations may he 
concealed. But when recogmsable strata are present, the magnitude 
of the offsets which could escape detection is definitely limited That 
IS the situation in large parts of the Delaware River end Tohickon 
Creek sections, the details of which will form the subject of a future 
paper A number of interbedded red* and black-shale members have 
been identified in that region, and have been traced for some miles 
along the strike Except for the apparent cutting out of a member 
for a short distance (as noted under '^Smaller Disturbances,” sec- 
tion 4) there is no indication of faulting which would materially 
affect the calculation of thickness of the series The principal cause 
of uncertainty lies in the limits of accuracy with which the angle of 
dip can be measured 


RELATIVE AGES OF FAULTS 

Downfaultmg at the north border must have begun early in the 
Newark penod, if not just before, and it probably contmu^ inter- 
mittently to the end of the deposition Near the close of the period 
the diabase dikes and mils were intruded, these were associated 
with some dislocation, as is shown by the repetition of the base of 
the Tnassic south of Readmg, where a fault is occupied by a large 
dike, and by the oontmuation of the traprock along a fault throu|^ 
a considerable part of the senes Finally, after the intrusion and 
some subsequent sedimentation, large fractures were formed across 
the basm, then the major blocks were tilted to produce the threefold 
outcrop of the atratig^hio cxilumn m the Delaware River section 
Probably at the same time additional movement occurred along the 
north-border faults, and numerous nunor dislocatimis were produced 
in the rodcs adjacsent to the boundary, as they are exhibited near 
Milford, New Jersey 
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Minor faults and outcrops which show other evidence of fault- 
ing are not scattered indiBcrixmnately throughout the Triasgic rocks 
They cluster strongly along the major fractures that cross the area 
and near the north border A few previously unknown possible 
faults are indicated by alignments of disturbed exposures In the 
central northern part of the Delaware River section a detailed 
examination has revealed only a few slight evidences of dislocations, 
and the effect of unknown faults upon the calculated thickness is 
considered to be neghgible 
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NOTES ON CREE MEDICINES, BASED ON A 
COLLECTION MADE BY I COWIE IN 1892 

QRLTCHEK BEARDSLEY 

D r PAUL MARTIN, curator of anthropology, Field Museum, 
Chicago, Illmois, in 1934 sent to the cthnobotanical laboratory 
of the Museum of Anthropology, University of Michigan, a collec- 
tion of plant matenals and field notes obtained by a certain Mr 
I Cowie m 1892 from the Croe Indians hvmg m the Northwest 
Tcmtones, Canada ‘ Mr Cowie traveled through this region just 
prior to the Columbian Exposition in 1893 There is no information 
available to explam further who he was or for what specific purpose 
the journey was undertaken and the collections made 

There are eighteen lots of fragmentary plant matenals, several 
mixed with cnimbled bone or with mmeral-hke substances or with 
both No entm* plant is included, leaves, bark, stems, and roots 
l>eing broken into small pieces or finely pulvensed Identification 
of the plant represented was made when possible The fungi were 
identified by Dr D V Baxter, associate professor of forestry, Uni- 
versity of Michigan, and Dr A H Smith, associate curator of fungi. 
University Herbanum, the phanerogams, by Mr V H Jones, as- 
sistant curator of ethnology, Museum of Anthropology, by Mr 
A F Whiting, onetime graduate student in anthropology and bot- 
any at the Umversity, and by the author Fi\re lots are so finely 
powdered that no satisfactory determination could be made 

The collection is a heterogeneous sampling of medicinal, smoking, 
and food matenals Of these, the medicinal predominate and will 
be discussed fully later on Five lots represent plants used for food 
or for smoking These are hsted in Table t, but are not treated in 
this paper 

A complete discuasion of Cree mediemes and practices is not at- 
tempted, but examination of available literature treating the Cree 

■ Aoknowlsckpnsiit is due Dr Martin for making tbe material available and 
for permission to publish the notes 
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Indians indicates that there are few duplications of Mr Cowie's 
findings^ and for this reason the author believes they ment considera- 
tion The symptoms and cures recorded by Cowie are noted here, 
and used as a basis for comparison with data already recorded con- 
cermng the Cree and their immediate neighbors 

The field notes ‘ are presented m Table I, where the plants are 
listed according to Cree name, scientific name, common name, and 
Cree use In the discussion they arc treated with reference to 
particular diseases — digestive disorders, wounds, respiratory cxim- 
plamts, and the like 

MBDICAL PRACTICE AMONG THE CREE 

In order to evaluate the significance of Cowie’s matenals wc 
must briefly consider the attitude toward medicine and the practice 
of it among the Cree, and also note the mfluence of neighboring 
groups on this aspect of their culture 

The Cree were essentially a forest people, whose range extended 
from the vicinity of Hudson Bay west and north to Lake Athabasca 
and south to tlie Red and Saskatchewan nvers Many of the groups 
were nomadic and m their wandenngs came in friendly contact with 
the Saulteaux, or Ojibwe, who lived along the northern edges of the 
Great Lakes, and with the Maskegon,* also known as the Swampy 
Cree, around the Red River The abundant supply of buffalo at- 
tracted them to the plains, as well, where they encountered the 
hostile Blackfoot and the Sarsi m the west and the Dakota and the 
Crow in the south and southwest Of the several groups with which 
they mingled, the Ojibwe, closely related to them linguistically and 
m mode of living, most influenced their medicinal practices and be- 
liefs 

The Indians thought that all Bickness was brought about bv 
supernatural forces It was an instrument of revenge and punish- 
ment used by malevolent spirits and evil persons who desired to 
harm somebody because of a broken taboo, an insult, a bodily in- 

* Ckiwie'a nototioiu, ware added to, aa indioated by a differanoe in handwritmg 
by aonwone who probably examined the materiala alter they had been depouted 
in the f^ld Muaeum 

* A Mioat ariiele by C Ftoxion, *'Soine Medwinea of the Swampy Cree of 
the North’* (Can Phaim /oum., 81 126-180, publiahed in Toronto in 1807-68), 
may be of value lor future atudi^ The author was unable to obtain a copy, ao 
no furtiwr rsferenoe it made to it 
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jury, or out of jealousy Wicked spints were believed capable of 
inflicting an ill directly upon a selected victim, whereas humans 
solicited aid from powerful shamans, who in turn communed with 
the spirit world Such practices were frowned upon by the group, as 
a whole, but “bad medicme" was indulged in bv a few, who pro- 
fessed to be well versed in spirit activities 

Many individuals mdulged in mtercourse with supernatural 
beings, and cerium of them were known to have special gifts and 
powers Shamans, as has been said, were regarded as interme- 
diaries By virtue of special instructions received in visions and by 
purchase from older men they plied their arts for both good and ill, 
subjecting the people by playing upon superstitions 

There were several gradations of shamans among the Cree 
jugglers, prophets, and sorcerers In general medical practice a 
shaman often utilised the skills of all three and was aided by as- 
sistants with bells, rattles, drums, mcantations, and prayers to in- 
spire and awe the patient and his relatives Curing was regarded as 
a prune blessing and a noble calhng It could be accomplished only 
if a shaman’s spint helpers were stronger than those of the being 
who caused a person to be afflicted A patient might be treated 
either by a conjurer, whose duty it was to charm away the evil 
spints which haunted him, or by a medicine man, whose practices 
were only curative 

Among some groups a medicine roan did not adopt his profession 
by choice He received a “call” from the spmt world If he were 
thought to have been mstruroental m savmg a life he then under- 
took the responsibility, and henceforth maintained the secrecy, of 
this profession (8, p 380) A shaman among the Plains Cree might 
be greatly respect^ for his ability, but his social and matenal po- 
sition was not noticeably altered because of tins distinction 

Medicine men performed other duties than those associated with 
medicine They occasionally “sang to the spirits'’ (9, p 238), 
asking for good weather, and they dispensed huntmg and love 
charms The latter were considered a Saulteaux specialty, and few 
of the Cree made theoL Mandelbaum (9, p 265) states tliat the 
Plains Cree obtained most of their mformation from the Saulteaux 
and whenever possible called upon Saulteaux medicme men to effect 
cures However, they regarded the Saulteaux and Wood Cree “as 
'bad medicine’ men who fought by magical means rather than by 
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strength of arms Hence care was taken not to offend visitors from 
these tnbes and their company was not sought ” 

Central Algonquian and southern Biouan tnbes formerly had 
m^diome societies, based upon similar pnnciples, which strongly m- 
fluenced the activities and beliefs of the peoples The Midewiwin 
was the most complex and elaborate of these (7) Skinner (10, p 12) 
suggests that the ceremony of this society was probably of Ojibwe 
ongin, since Algonquian songs persisted among the Siouan peoples 
and since other Algonquian groups, such as the Potawatomi, the 
Cree, and the Menomini, regarded the Ojibwe as '^the great author- 
ity on the ntual 

The Cree of the Hudson Bay region had a secret society, the 
Mitawm, which taught '^medicme, religion, and secret methods of 
communication” (12, p 736) Candidates for the society began 
their training as youths After receiving favorable visions they 
were instructed by the older men of the group They first learned 
how to diagnose vanous ailments This skill was all-important, for 
they believed that effective cunng depended upon a proper diag- 
nosis Before prooeedmg with a cure a medicine man would attempt 
to ascertain the possibihty of the patient’s recovery by placmg a 
small amount of powdered club moss, Lyeopodtum sp , m a vessel of 
cold water The powder is msoluble and remams inert for a few 
moments, then suddenly radiates out m a spokehke manner If the 
movement was m the direction of the sun tiie patient was expected 
to recover, if in the opposite direction, he would die For each 
disease a specific medicine m the form of an infusion, decoction, or 
powder was given Only rarely did the Cree use more than two 
drugs m combination The Qjibwe, however, were noted for their 
complex compounds Their “sixty-two modicme” (4) is a single 
example of their elaborate pharmacopoeia Plants were combined 
or UB^ singly 

After a candidate had learned to distinguii^ the vanous types 
of bodily afflictions and to compound mediemes he was ready to be- 
gm practice for himself Each novice received, at the end of his 
training period, a birch-bark document which was a oombmation 
anatomical chart and pharmacopom, for on it was drawn m red 
ocher a hfe-sised human figure, with the organs m their proper po- 
sition and an arrow from each to the edge of the duurt, where a piece 
of root or powder wrapped m birch baric was attadied *'The exact 
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doBf specific for that particular organ when affected by any 
trouble is clearly set forth’* (12, p 742) The Ojibwe recorded their 
songs and ceremonial directions on birch bark and the Dakota used 
wooden paddles for this purpose, neither, however, had anatomical 
charts, which are unique so far as the author knows, among the Cree 
of the Hudson Bay area 

According to Denis (2, p 315), knowledge of herbs and their 
properties was confined entirely to doctors Harmon (5, p 318), on 
the other hand, says that almost every male had a medicme bag, 
which was sacred and taboo to women Women also had medicme 
bags, but the^ were not considered untouchable 

The use of medicme for its mherent values was generally inci- 
dental The “spirit** which the remedy contamed procured the 
desired results Poisons were known and employed, but they were 
considered dangerous, and novices were not taught specific applica- 
tions for them until their trauung was about completed* 

Minor ailments, such as cuts, slight wounds, and the hke, were 
treated with simple natural remedies If the illness seemed senous 
or the wounds severe the shaman called upon all his skill to aid him 
Generally he first solicited the aid of his spirit helpers The medici- 
nal proc^ure dep^ded upon the vision he received If there was 
some doubt of recovery the shaman would not promise a cure until 
success seemed certain 

On the whole, knowledge of anatomy was decidedly lackmg 
The Western Cree recognised two sets of “veins,** one (vem) which 
stopped bleedmg of its own accord, and the other (artery) which 
needed to be bandaged in order to stop the blood flow (9, p 315) 
As a meuis of reduemg fevers, arm or leg veins were opened with a 
sharp flmt or arrow point tied to a stick “Cupping** was accom- 
plished by applymg short bone tubes to the«infected area and draw- 
mg the poison out by sucking (1, p 534) 

The use of sweat houses was universal A circular structure 
made of bent willows and covered with skins or bark was built near 
a stream, and heated stones were jdaoed m the center The patient, 
dosing himself m, dashed cold water over the stones and after a 
thorough sweating took a quick swim m the cold water or rubbed 
himself with snow Febnie symptoms, chronic rheumatism, head- 
ache, fast pidse, catarrh, and sore musdes were generally treated m 

T^ n i ftnTWfr 



490 Qreidtm Beardsley 

Apparently only women assisted at chddbirth, thoui^i men 
doctors sometimes prescribed certain decoctions if the case was a 
difficult one (9, p 317) Further than this, women generally con- 
fined their activities to simple home remedies and to helping Uieir 
husbands effect cures 

Failure might be laid to several causes Supernatural powers 
could be blamed, or the patienVs transgressions may have been too 
grave for the shaman’s spint helpers, or, again, evil influences may 
have been at work too long before aid was sought The shaman 
sometimes accused the patient’s relatives of neglecting the proper 
ceremonies and offerings These ahbis were generally resorted to 
as a means of self-protection, for the family of the deceased, if they 
felt the doctor was directly at fault, might seise his property or even 
put him to death (2, p 313) 

As a rule, medical attention was given m proportion to the fees 
paid in advance The mitial gift was usually a sisable one if con- 
tmuous attention was needed, and the shaman’s wife was often in- 
cluded m the offering since she sometimes assisted m the treatment 
Frequently the patient was encouraged to bdieve that if high pay- 
ments were made, even such as would reduce him to poverty, he 
would receive supernatural blessings This being so, it is no wonder 
that dire results generally followed a failure and that the doctor 
must needs put on a convmcmg show 

The bnef discussion above of the practice of medicme by the Cree 
presents a broad picture of its position m the culture of the group 
As will be seen, Cowie’s findings and the comparative data fit into 
this general pattern, and are not merely scattered and unrelated 
notes 


SPSCIFIC AILMENtB AND THSIB BfllClSDZES 
Exceeme Bleeding 

The Cree used sevend plants as styptics A fungus. Fames 
jnnicola (Swarta) Cooke (Cree mech gnah too), was dried and pul- 
verised, and Uie powder was mixed with water to make a paste, which 
was apphed to the wound. Another fungus, Ediinodonitum (tnoto- 
num £ and E. (Cree* meah kte igun), was idso used Cowie did not 
state just how it was prepared, but probaUy as was the first Boots 
of the common thistle, Ctmtem dtecolar (Muhl ) Spreng, (Cree kee 
poo (m % 6un), were prepared in a similsr faduem, the wet paste 
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bemg Rpread on Imen cloths and bound onto the wound Strath 
(12, p 738) reports several methods of treatmg exceasivo blooding 
employed by the Cree of the Hudson Bay region An mfusion of 
ttie powdered rhisomc of cohosh, CaulophyUum thahdrotdea (L) 
Michx, was taken mtemally, or about thirty grains of the dry 
powder was allowed to dissolve on the tongue Freshly peeled 
willow bark, Saltx ntgra Marsh (Cree sepaatikoos), was apphed as 
a dressing to severe wounds, and sutures of willow bark which had 
been scalded in water were used to draw the edges of the wound to- 
gether Sometimes a tourmquot was employed For mtemal 
hemorrhage leaves of plantam, Planiago sp (Cree mtiskosta), were 
chewed and swallowed, and for post-partum hemorrhage an mfusion 
was made from cohosh, the ^^scum'* collected from infused hem- 
lock, and SIX other plants, which the author did not know. 

Frodbtte 

Frostbite was treated with a powdered fungus, FoTnes ojficinahs 
(Cree wah pah tooa) The swollen parts were first scarified, and 
then the pulvenzod fungus, spread on Imen, was bandaged m place 
The Plains Cree (9, p 258) likewise scarified frostbitten hands and 
feet After pncking the affected areas with a sharp bone they rubbed 
medicinal alkaline salt or snow mto the scratches and then packed 
snow around the frosen parts 


Earache 

A packet (Cat 14050b) containing powdered plant material 
which Vms not identifiable (Cree wap tn oo ke ke) was reported to 
be a cure for earache The fine powder was to be mixed with one- 
fourth teaspoon of water, put mto the achmg ear, and a plug m- 
serted to retam it The translation, ^^Sa^teaux medicine man’s 
medieme,” of the Cree name suggests that this remedy may have 
been obtamed from the Saulteaux The Cree of Hudson Bay used 
plantain leaves, Planiago sp , for earache (12, p. 740) 

Toothache 

For toothache Cowie reports that a small piece, about one-half 
inch square, of the root of cow parsmp, Heradeum lanaium Michx* 
(Cree pusk quan ah Uek), was ^d on the sore tooth Saliva was 
spit out as it collected, for the plant was known to be poisonous. 
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According to Strath (12, p 740), the Cree of Hudson Bay chewed the 
leaves of plantain, Plantago ap , to relieve the aching 

Headache 

Seven unidentifiable plants (Cat 14048a) were combined m pow- 
dered form for children’s headache One-fourth teaspoon of the 
powder mixed with a little water was smeared on hot stones, and 
the patient, with head covered, inhaled the fumes 

Sore Throat 

Swollen sore throat was treated with the same remedy used for 
earache (Cat 14050b) About two grains of the powder were hdd 
m the mouth and the saliva swallowed 

Bode and Swdhnge 

The root of cow parsmp, used also for toothache, was powdered, 
stirred mto a paste with water, and spread on a hnen doth as a 
poultice for boils and swelhngs, or the powder was mixed with lard 
and applied as an omtment The Chippewa (3, p 361) called this 
plant Why m’vrhniiek and used it for the same purpose They 
prepared it m two ways (1) by boiling the root and employing it as 
a drawmg poultice and (2) by applying the dned and pulverued 
root and flowers without moisture Smith (11, p 390) reports that 
the Pillager Opbwe called the cow parsmp pi’p^ we’ wamOek, ‘flute 
stem,' and us^ the fredi, pounded root to poultice sores 

Bume and Sealde 

Bums and scalds were poulticed with an omtment made of 
powdered leaves of labrador tea. Ledum yroenlondteum Oeder (Cree 
muekeg mueng). The “Outchipwai” Indfans (1, p 636) apiflied the 
chewed leaves of this plant to wounda and sto afleetums The 
Cree of the Hudson Bay region prescribed diewed leaves of plantam, 
Plantago tp , for bums and soidds, and they nix* made an antu^ 
tie powder ttom. the foliage The flambeau Ojibwe (11, p 380) 
aoaked the leaves of Pkadago major L. (Ojibwe em' gd aht hdge dMe, 
‘leaves grow up and also lie flat on the ground’) in warm water and 
bound them on bruiaea, aores, and spraina The miager Ojibwe 
(11, p 380) uaed the leavea of ttda plant, which they call jmddeP- 
goMg, m the aame Twannwr 
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Scrofulotut Gtands 

The Hudson Bay Cree (12, p 741) made a poultice and an m- 
fusion, to be taken mternally, of the rhisome of dock, Bumex sp 
(Cree iatupewewewutupe) The two were used in combmation to 
cure scrofulous enlargement of glands 

Ulcers and the Like 

Mandelbaum (9, p 258) reports that the Plains Cree wash 
wounds with buffalo hair dipped in water in which medicine has 
Ixsen dissolved The powdered rhisome of false mdigo, Baptma sp 
(Cree chepatakwawvtupe) was prescribed to dry up sores and used 
locally m doses of from five to twenty grams for ulcerated surfaces 
(12, p 737) Smith (11, p 38) says that the bark of hemlock (Chip- 
pewa ga ga gt*wic, 'raven tree’) acted as a styptic to heal cuts and 
wounds 

AthnerUs Requxnng Emeites 

One-half teaspoon of the dned and powdered fungus Fomea 
pmtcola (Swarts) Cooke was steeped m one-half pmt of water and 
pven mtemally m ailments requiring emetics Another fungus, 
Echtnodonttum Itnctonumf was also used for this purpose and was 
probably prepared and administered m the same fashion One 
packet (Cat 14044) contained three plants which were so pulvensed 
that they could not be identified but which were said to be used as 
an emetic, equal parts of powder and water bemg infused to make 
two doses for an adult Two root fragments (Cat 14046, Cree 
che pay doo pee) about the sise of hickory nuts were to be pulvensed 
and mfused m a cup of water for three doses for an adiilt If an 
equal part of common salt was added the effect was greatly in- 
creased Rhisomes of false indigo, which Was a remedy for ulcers, 
also, were used by the Hudson Bay Cree m bulk or in powdered 
form as an emetic (12, p 737) 

Kidney Trotibk 

Diuretics, too, were known, for Cowie reports leaves of Labrador 
tea m an mfusk^ According to Strath (12, p 741) several plants 
were employed by die Hudson Bay Cree for this purpose, dried and 
powdered baric cS Idack willow and rhiiomes and rootlets of cat- 
bnar, iSmtha; ap (Cree. mtkwawulupe), were used, but no method 
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of preparation or admimstration has been described After it had 
blossomed, the common dandelion, Taraxacum ap (Cree mcwews- 
wtneow), which had been introduced from Europe, was pulled and 
the milk pressed out An infusion was then made from the roots 
and given in copious draughts at hourly mtervals An unidentified 
person, who perhaps examined Cowie's collections, added to his 
original notes the information that camomile, Anthemua ap , was 
combmed with tarweed, Qrtndelia aquarroaa (Pursh) Dunal (Cree 
hah pua kun aaktk), to treat pains m the kidney 

Mefhstrual and Delivery Patna 

Infusions of poplar bark, Poptdua grandtdentala Mirhx (Cree 
miUooa or maefoos), or of the buds and flowers of tarweed were given 
to ease and lessen the menses If over some time either was taken 
just before each penod, the flow would soon cease entirely An 
unidentifiable root (Cat 14051, Cree aah quay w%ak) was dried and 
powdered, and a pinch was taken internally to cure amenorrhea 
If women did not wish to bear children they chewed a bit of the root 
regularly each month Strath (12, p 380) reports that the Hudson 
Bay Cree used the rhisomes, roots, and flowers of cohosh, Caulo- 
phylltm thahctroidea <L ) Michx (Cree ukwawrdupef 'women’s root’ 
or 'squaw root'), as an abortive The Pillager Ojibwe (11, p 358) 
called the cohosh oct*ytmic and used the roots for general female trou- 
bles, especially for stomach cramps dunng painful menstruation 

Venereal Dtseosss 

Venereal disease was treated m several ways For chancre, 
powdered roots of cow parsnip, which was also prescribed for tooth- 
ache and boib, were mixed with water and applied wet on hnen 
cloths or blended with lard to make an ointment One packet 
(Cat 14050a) contained several umdentifiable materials (Cree 
pays coo mtna), said to bo three kmds of white medicine and various 
Indian medicines, which were used for chancre and bubo For the 
former a smaQ q:uantity of the powder was dusted on the prepuce 
once or more often until a cure resulted For bubo five grains of 
the powder were mixed m water, the abscesses were opened, and the 
fluid injected with a syringe An mfusion of paya coo mma, 'pepper’ 
(?), and brimstone was takm mtem^y at the same time This 
treatment was continued until tiie patient was cured The Cree of 
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Hudson Bay (12, p 746) gave large doses of Bapttm sp nuxed with 
several other plants for stnotures caused by gonorrhea Blood 
punfiers and strong purgatives were generally prescribed for syphilis 
Several plants were used for chancre the sores were dusted with the 
powdered rhisomes of false indigo, Bayixsm ap , washed with a warm 
decoction made by steeping willow bark, Saltx sp , and spread with 
a salve prepared from spruce gum, Pxcea sp Rhisomes and rootlets 
of catbriar, Smtlax sp , were combined with false mdigo for syphilis 

Madness 

A mixture of Indian and white drugs (Cat 1404Sb) contaming 
powdered human skull, alum ciystals, and several other materials 
bound up m a small piece of buckskm was said to be an antidote for 
an Indian poison which produced madness The scalp was scarified at 
the brow, crown, and nape of the neck, and one thi^ of a gram was 
inserted m each incision The fumes of the powder were also m- 
haled This medicme was used only for adults 

Cowie’s collections, for the most part, mdicate that the Cree 
and their neighboia were acquamted with and used the same group 
of plants in a similar maimer 

UMivsasiTT or Miohiqan 
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TENSE, ASPECT, AND MODE IN THE 
AKLAN DIALECT 


HELEN W BLACK* 

AKLAN ifi a dialect of the Biaayan group of Philippine lan- 
XX guages, localised in a valley between two nvers m the north 
of the island of Panay ^ The present paper, on tense, aspect, and 
mode in Aklan, will not attempt to deal with any acculturation 
which may have taken place, though incidental compansons with 
Tagalog and Ocbuan (another Bisayan language near by), and, of 
course, with English and Spanish, reveal a sort of lexical commimism 
There are enough complications and irregularities to raise the ques^ 
tion of borrowing, but so far the study of Aklan has been confined 
mamly to description Here we will be concerned only with analyz- 
mg the principal features of the verbal system, and that simply as 
regards the most frequently used infixes and affixes 

Such terms as **tcnse,'' ^^mode,” and ^Werbal system’’ do not 
necessarily imply that there are in this dialect elements which are 
verbs per se, we need only assume that there are roots combmed with 
certain morphemes in a system which yields usages as truly verbal as 
those of English None but sentences like the more familiar English 
types have been drawn upon for evidence 

Inasmuch as the wor^ ’’aspect” and “mode” mean something 
different vurtually every tune they occur, it may be well to state 
at the beginmng the sense in which they wiU appear here “Tense,” 
of course, refers to any fonnal modification of the form serving as 
a verb, in order to locate it in some segment of time “Aspect” 
mdicates any such modification for the purpose of aingbng out a 
phase of the action — for example, duration, beginning, ending, fre- 

* The author is greatly indebted to Profewir Albert H. Marckwardt, who 
secured the infemaant, Mr Alfredo Moralee, and who started and supervised 
tbs work. He made many suggestions and eJarifiad numerous pomts, both 
during the study and after reading the first draft 

> flee Ryder, F^rank O., “Variant CyI m the Aldan Dialect of Bisayan/’ 
Pap ATieA Aaad Sck , Arts, ond leflsrs, 26(1940) 672-674 1941 
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quency — with no regard for the actor "Mode” designates the 
class of devices by which the speaker contrives to place his inter- 
pretation on the action he is reporting^ by which he labels it fact 
or probability, or by which he fixes the blame for it 

Most imposmg is the list of elements which may be considered 
to indicate tense Naga (abbreviation, ga-) is present active, with 
a companion passive, gim (no abbreviation) These preposed forma- 
tions may or may not appear with the root as one phonetic word 
Person is indicated by the subject, which can also show number 
The subject takes the particle ro, as distinct from the object or the 
agent, which are preceded by ko 

naga-tfsa ho batog ro onga^ 

throws the stone the child 

The child throws the stone 

gma-ttea ko onffa ro baiog 
IS thrown by the child the stone 

Corresponding past-tense forms, when a distmction is desired, are 
furnished by nag (active) and gm (passive)* 

nag-kayud* ro agam ko anang Itkud 
scratched the dog the his back 

The dog scratched his back 

gin-/;a 7 ud ko ajam ro anang Itkud 

was scratched by the dog the his back 

gin-6aZig;a-an ro habagt ko bendero ro eaging 
was sold it the woman by the vendor the banana 
The woman was sold the banana by the vendor 

The su£5x --on is a cross reference to the goal of the action and is 
used with gtna, as well as by itself ^ Alone, it is associated with 
present tune* 

odton-an na 
go there by him 
He 18 going there 

■ u a speUmgfor the v«lar iummI Tbs orthography common m the Phifip- 
pmes for velar neeal followed by velar stop muggorngg 

* Y M a velar or palatal frloatnre, which faiterohanges with I 
« This slesmt, obviously Moondaiytkineatioiied only because of ha parallel 
-tm in the future Owe p. 560) 
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A favored form, which ui elicited when no stress is laid on the 
time of the action or when an event is narrated, contains the mor- 
phemes -wm- (active) or -tn* (passive) These are infixes when 
the root begins with a consonant, prefixes when it begins with a 
vowel The latter, -tn-, may be accompamed b> tlie -an mentioned 
above 

s$ Berta um-o&uf kahapon 
Bertha came finally 

sanda U kagai 
got they a rope 

m-osoj nanda at bafo 
was looked for by them the turtle 

b-m-ttfci-an nanda ru pispis 
was set free it by them the bird 

The root alone, if it lends itself to such a construction, may be 
used m generalising statejnents of fact* 

ro yanggam owaf ka^on ko a^am 
the rat not eat by the dog 

Rate are not eaten by dogs 

ro barge it Mabzlo anfiaj karondogonS eskoglahan 

the district of Mabilo deserves this school 

For any but future events a prefix na- serves to indicate the 
fact of becoming or being made into something 

bafo narbuht 

the one of the turtle came alive 

xisrokig ro hart 

got angry the king 

nartopus m Hwan ro svgtranun 

gets finished by Juan the story 

Juan IS fimshing the story 

An element ga- performs the same function for future actions 

g^Brpuya ako 
Will get red 1 
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Another way of locating actions in the future is furnuhed by 
ma- which fills out the active senes 

mBrkafon ako %t eaginS ako 

will eat 1 a banana will shout I 

Or the future may be mdicated by - un, which is passive, like gtna 
and gin 

kafon^nn m Pedro ro aaqtnJj 

will be eaten by Pedro the banana 

On the basis of these facts it would seem that Aklan has three 
rather clear-cut tenses, past, present, and future, with provisions for 
some sort of active and passive voice throughout Actually, there 
emerges a picture more truly represented by the table 

Time of achon 


Happened Hew happening 

nag naga 

gin gina 

na- 


na- -an 
-urn-, root 
-m-, roei + -an 


Hoi eiarUd 


-un 

ga- 

•ga- -un 


The tenses that can be pinned down are onented about a present 
which corresponds, not to the time at which the utterance is made, 
but to the time at which the action bemg discussed or reported 
takes pla<-e This becomes immediately apparent when one dis- 
covers m a story told as of past time such sequences as 

tog nagarto7ug at Hwan, txn-uhUan nanda ru ptapia 

(pTMMlt) (pMt) 

while is sleeping Juan, was set free by them the bird 


Moreover, m the next sentence but two comes 

nag-^Kudguf aandang tanawfun km ano ro 

(pMt) (futm) 

agreed they that will be seen if what the 
ntyikl ko buMn 
contents of the well 

They agreed to aee what were the oimtente tiw weU 
There is, of course, tiw possibility that narrative st3de diifts the 
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main action to the present, but the nag and gin forms can be elicited 
as past in opposition to those with naga and gina^ it has not been 
possible to ehcit pluperfect or future perfect forms different from 
those used as past and future 

There is m addition a factor of aspect that makes it impossible 
to class the constructions with na- and those with infix under either 
past or present exclusively The latter constructions (infixed) are 
essentially aonstic in that they denote an action viewed as a whole, 
no matter what its duration or when it occurs — provided, of course, 
it does occur and is not merely predicted 

f-in-auKin « Hwan it yuhid 
was given Juan a (piece of) stnng 

b^m-uyun to ananJj manga nxna 

were healed the lus many wounds 

s-um-unud tmatc kakun 
comes after he me 

This IS true also, apparently, of constructions with nag 

SI bafo nag^hantag m punu 

the turtle waited at the base of the tree 

nag-tobo eanda aa sanjka bnbun 
came together they at a well 

The two formativcs in combination, however, yield a progressive 

nagrk-mHifun si amo 
kept eating the monkey 

The monkey kept eating 

• 

As for na-, it emphasises the beguuung or moeption of a state, as 
opposed to the fact of being m one (see p 499 for examples) 

These borderline instances shade into others which are more 
purely aspect Ka- expresses the fact of being m a state or condi- 
tion, at any tune 

ka-Mif ro prwmpe «waf karsointf at bafo 

was returned Uie pnnee not did taste the turtle 

The prince was bask The turtto didn't taste (it) 
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tndtf ako ka-aafea 
not I (o&n) climb 

An mfix consisting of 2 or 7 plus a vowel which repeats the vowel 
of the syllable m which it finds itself occurs when it is desired to 
mdicate the existence of a number of similar actions at the same 
time or m the same place ^ 

TO XIX n§a na^yeirmatoQ 
the mneteen who died together 

ha-ysrinbal* aanda t£-7u-7o-soj sanda 

are discussing they all looked they 

The situation is further complicated by considerations of mode 
The aoristic -um- forms appear as imperatives^ as do the ma- forms, 
along with the regular imperatives (which merely add or -a to 
the root) 

ma-^a ka! k^nm^afon ka tt aagtng 

wash you ! eat you a banana 

And, finally, quite free from connotations of tense, are three 
other modes The first, one of uninterUtoml oxXton, takes a forma- 
tive Aa- 

liBrhuyug m Marta ro yapaag 

IS accidentally dropped by Mana the baby 

The second is a eausattve mode, expressing action produced by 
pressure exerted on tlie actor, with an element pa- 

iMn-asahan nana imaw tt augtranun parang pBriuyug 
was read by him she a story to make (her) deep 

read her a story to put her to deep 

The third mode is like that called '^contingent’’ by Bloomfield in 

* Aoamtiouidaloounebeiiudeforconddsriiigthuarudimeutsry pluraltier, 
but there ax$ psrdld aouna, kci-7a7a-ron, 'feast/ t 4 x^$dafaian, 'fidimg place,’ 
i^yargjan, 'passageway/ ka-va-fenen, 'edibles,* whidi seem to pdnt m other 
direetion There ss also the favored sentence form, which puts the verb first 
By this, and by the lack of stress on any word preoe^sg the verb in the phrase, 
emphasis is laid on the aetion rather thra on the actor 

* HanM, 'talk,’ 'speak ’ 
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hia Tagalog grammar^ It appears when the event referred to is 
patently unreal or when the speaker wishes to unply that it is prob- 
ably not true Negatives m a sentence do not nec^essarily mean 
that this mode will be used Any constructions but those with the 
luxg, naga, ma-, gvn, gtna, --un senes may occur in negative sen- 
tences These formatives must be replaced by mag- (active) or 
gt~ (passive) 

indtt ro puput mELg-kanta 
not the bird would sing 
The bird refused to sing 

kun guetu nanS mag-/anaw aa pnnseaa 
if wanted by him to see the pnnccss 
If he wanted to see the primness 

ro ajam otoaf gi-totot it tuyan ko tawo 

the dog not is given a bone by the man 

If it IS desired to locate in time the things expressed by these 
rather fluid mode and aspect formations, they may be combined 
with the more definite elements With the exception of mag- and 
gt - practically any two or three of them can appear m conjunction 
Thus we find 

nag-pa-A;tfa aanda 
made seem they 
They represented themselves 

na-ha-od(o nto ro Preatdevie 
got lo» went there the President 
The president entered into a state of go(mg), not on purpose 

n^a k-m^a-Aadfui-an * it tnanffa iawo 

who was m a state of being feared by many men 

n^a na-gin-6a(og 
who became made stone 

The whole system, then, could be schematised in the followmg 
way, 

* Blomflekl, Leonard, Tagaloff ToxU wOh G'rammolMo/ AnalymM^ Uoiversity 
of Ilimoia Studlee In Language and Literature, VoL 8, No 2 Urbena. 1017 
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Tttne of adton 


Happened 

Now happening 
ha- 

Notytlalarttd 



pa- 




mag* 

g** 



nag 

gill 

iiaga 

gina 

ma- 

-un 

Time 1 

na- 

na- 

-an 

gft- 

• -Ull 


-um- • 
-m- 

root 

root + -an 

ka- 



“ 1 , 7 + vowfr 


Mode 


Aspect 


Complex as this presentation appears, with the overlapping of 
functions shown on the table, it is a simplified statement of the 
situation Aklan demonstrates vividly one way of attaining subtle 
distmctions without the use of inflections But the imusual feature 
IB its retention of formal mechanisms for all three of the verb mo* 
dalities, m contrast to most of the better*known languages, which 
have only two 

nmyiRBiTT or MioaioAN 


* These do not combine with any otiier formativee 

* These have at tnnee modal funotion, ae imperatives 



CACHES OF PREHISTORIC ARTIFACTS 
DISCOVERED IN SAGINAW COUNTY, 
MICHIGAN 

FRED DUSTIN 

T he present paper, on caohen of prehistoric artifacts found in 
Saginaw County, Michigan, deals with hitherto unreported dis- 
covenes It was prepared in part from notes made years ago My 
thanks for recent information are due to Mr Ralph Stroe^l, Mr 
Henry Bomhoff, and Dr R M Kempton, all of Saginaw, Michigan 
On May 12, 1926, three boys, Arthur and Amo Seidel and Son 
Qlunie, while playing on the Andi*ews Village site, NW i Sec 32, T 
12 N , R 4 E , about sixty rods west of the Michigan Central Railroad 
and the same distance from the Tittabawassee River, noticed some 
arrow points slightly exposed in the dredge cut made by a sand ex- 
cavator They dug them out, and found that they numbered 173 
triangular points measuring from one and one-fourth to two and 
one-fourth inches long, and made of brown chert Triangular arrow 
points arc scarce m this region, as is brown chert, althouc^i two acres 
of ground a mile southeast on the opposite side of the nver are strewn 
with brown chert flakes, and an occasional arrow point of that ma- 
tenal is collected there It seems that the cache which the boys 
found was a hidden store, to be drawn on as needed by the owner 
Mr Ralph Stroebel named this the Kinne> cache Unfortunately it 
was broken up, each of the boys taking a third of the points 

As I have previously noted,* the Fraser mound site is remarkable 
for the number of caches found Mr Harlan 1 Smith,^ who incor- 
rectly spdled the name ^'Frasier/' reported two, and at least four 
others have been discovered since The Fraser Village site lies east 

> A Notable Piehistorio ViUage Site in Ses^naw County, Michigan " Un- 
pttbluhed MB, read btfore the Anthropology Section, Michigan Academy of 
Sdenoe, Arts, and Letters, March, 1988 

• “the Bagfauw Valley CoUeotion,’’8up|d to Am Mu$ /oum., Vol 7(1901), 
No 12 

806 
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of the west Tittabawaesee River Rotul, between it and the river, and 
south of Hi^way M-46, locally called the "Qratiot Road,” and 
covers about forty or fifty acres On May 9, 1910, Mr Hany W 
Armstrong, while plowing on the northeriy part of this site, tum^ up 
a cache of sixty-six finely chipped leaf-shaped blades, neariy all about 
five and one-half inches long, none less than four and one-half, the 
widths ranged from one and one-half to one and three-quarters inches 
The blades were remarkably uniform m shape About half were 
black chert, and all except three of the remainder were dark gray 
chert, the three exceptions being impure quarts of an unusual 
variety (not chalcedony), which, when held to the hght, was partly 
translucent, much like smoky quarts Were I asked to classify these 
artifacts, I should call them cutting blades or kmves They were well 
chipped, and the unusual black chert from which half or more were 
made would lead one to behcve that they were worked from a stray 
boulder picked up m the glacial drift and periiaps originating far 
north, although I have seen somewhat mmiliu- material from Chanty 
Island m Saginaw Bay Smce I have not looked over these pieces m 
several years I cannot express a defimte oidnion, it is possible that 
the gray blades were from the same piece (d rock I have named this 
the An^rong cache, after the young man who found it With the 
exception of a few pieces it is now in the possesrion of Dr R M 
Kempton 

Mr Henty Bomhoff has informed me of a cache plowed up about 
1890 on his father’s farm m Sae^w County, near where the Fere 
Marquette Railroad crosses the hne between Sections 33 and 34 in 
Thomas Township It was found about three hundred feet soutii of 
the railroad track, near the road, vdiioh at that tune followed the (dd 
Indian trail along the sand ridge westward, but which has smce been 
straightened A great sand hill close to the epot has been entirely 
removed Thu hill was a landmark and was undoubtedly known as 
such by the aborigines The artifacts were found packed together 
m a small space about a foot bneath the surface, a^ Mr Bomhoff 
recalls that he and a brotiier gathoed them up, ffllmg a four-quart 
measure, lliere were about fifty or rixty leaf-shaped blades from 
two to six inches long, made of the ommKm Bayp^ diert EHnce 
they were not notched the boys did not conrider thwof any interest 
as relics, and used them for "slingstonss,” as Mr. Bomhoff called 
them, for the lads each had a two^tring ding. Rounded pebblea 
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were scarce, so tb^ used chert flakes, defective or broken arrow 
points, or whatever came to their hands in the shape of a stone As 
a consequence, the contents of the cache were scattered in all direc- 
tions by the boys m their play I have Mled this the Bomhoff cache 

Mr Stroebel * has described a remarioible cache found by him 
on a sand knoll on the Fras^ Village site, 272 feet westerly from 
Mr Charles Watson’s farmhouse It numbered fortynnx blades and 
pieces of the familiar Bayport chert A few of the smaller flakes 
were not worked, but most of the group had been roughly chipped; 
they had apparently been stored away for future working Their 
sise indicates that they were struck off from a very large nodule or 
nodules, the lot weighing thirty-four and one-half pounds, the largest, 
two pounds and ten ounces The pieces were laid compactly to- 
gether m a space sixteen inches m diameter and ei|^t mches deep, 
the top piece being seven mches below the surface It is probable, 
smce plowing and the wmds have removed much of the loose sand 
from the knoll, that they were ongmally buned about two feet deep 
This has been named the Watson cache Mr Watson has told me 
that he had previously plowed up two lots of small flakes or blades, 
but as they were not worked to any specialised form he did not pay 
much attention to them, and they were scattered by the plow From 
his casual description I judged they were plain leaf-shaped blanks 
stored for future working I learned that these two lots were in the 
vicmity of the Watson cache just descnbed, a short distance north- 
east I have called them Watson caches 2 mi 3 

In November, 1916, while collecting on land owned by Mr 
Qeorge Stroebel, in James Township, Saginaw County, on the Stroe- 
bel Village aite, I noticed on a sand knoll southwest <k the farmhouse 
four leaf-shaped blades lying close together. I had long suspected a 
scattered cache at this partioular place, for I had found, at various 
tunes, sbcteen similar blades withina space five or six feet m diameter, 
all ci tiiem peculuurly tinged with ooh«r-yellow spots and streaks, as 
were the four mw ones I procured a shovel and gathered seven 
more fneoes, making a total, to that date, of twenty-seven My fidd 
notes read: '*They average about three indieB long and one and 
one4udf inches wide. They appear to have been cached near the 
surface, for they have been scattered by the plow, I presume others 

* Stroebel, Balph, "A Oaobe of Chert BKadee m Saginaw County, Miehigui,** 
Amertea AaNgatts, a<a) : 135-137 1987 
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will be found the coming spring Others were found, until those 
collected by me mimbcriMi fifty-eight, in addition, Mr Ralph Stroebel 
collected several more Years later, some distance from this spot, I 
found on a sand knoll whicfi had been swept bare bv high winds 
a pile of flakes and chips, togethei with a hammcTstone that had 
evidently been used to strike off the flakes from nodules This waste 
matenal was of the same chert from winch the cache blades had been 
made, the yellow stains, texture, and lines of formation being iden- 
tical My fifty-height blades, together with the flakes and hammer- 
stone, art* now in the posHeswon of Mr Walter Hastmgs of Howell, 
Michigan From the form of these blades, they were undoubtedly 
intended for later specialization as arrow points or other small arti- 
facts, such as scrapers 

Another cache, if such it can be called, was collected by me west 
of the Green Pomt mounds, within the corporate limits of the city of 
Saginaw, after a sprmg flood which bared many relics It consisted 
of seven pieces of a symmetncally round six-mch chert nodule, and 
comprised two thirds of the whole sphere The pieces had been laid 
together, some of them showed the bulb of percussion, indicatmg 
the spot on the nodule where the hammerstone had struck This 
nodule was of fine quahty chert I presume it had been buned to be 
used at a future time 

Several years ago a cache consisting of ten rude leaf-ehaped 
blades about three inches long, four rough triangular points, six crude 
cutting blades, two well-formed but roughly chipp^ straifi^t-base 
leaf-shaped blades, one fair cutting blade of irregular form, two 
chipped flakes, and a smg^e fragment — all of dull black ehert — 
was found "near the bndi^ m Bndgeport," close to the site of the 
Andross mound, smee entirely removed This collection, now owned 
by Dr R M Kempton, cannot be classed as unfinished blanks or as 
a votive offenng save by a considerable stretch of the imagination 
The pieces would aeem to me to have been the product of an amateur 
worlman, or of a boy making a first essay at flint-working, although 
the color of the stone, not found m this part of Michigan in any but 
very rare migrant specimens, might give nse to the conjecture that 
possibly this unuauiil attribute was a contributing factor to their 
deposit from rehpous or sinidar motives 

About twenty-five years ago, Mr William B Mersbou, of Sag- 
inaw, wrote me that in his boyhood be found a cache of leaf*diaped 
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blades on the site of the Mershon Club House, near the present Pere 
Marquette Railroad tracks and north of the Saginaw city Imuts m 
Carrollton They numbered 130 blades, each about two and one- 
half mches long, and were apparently blanks to be finished into arrow 
points They were later scattered and lost, and Mr Mershon could 
not locate any of them at the time of wnting 

In 1914 Mr Amos D Lincoln told me that while plowing on his 
farm in James Township, on Section 8, eighty rods west of where the 
comers of Sections 4, 5, 8, and 9 meet, his plow struck what proved 
to be a store of chert blades This find was mode near a large pme 
stump on a little rise of ground An old Indian trail formerly ran 
past this place down to a spot on the Shiawassee River now called 
Carr’s Landing, it was the only pia(*e for miles up and down that 
stream where, in the Great Marsli” of nearly a hundred square 
nules, the woods c.ame down to the water, hence it was also an 
Indian landing place Mr Lincoln and his son carefully gathered up 
the blades, filling a ten-quart pail Later, many were given away and 
others were lost, so that on my visit to Mr Lincoln in 1914, only one 
could be found, which is still in my possession This Mr Lincoln 
stated to be typical of nearly the whole lot, although a few were 
notched at the base to form arrow points The one I have is three 
inches long by one and one-half inches wide, it is of the ordinary 
leaf shape, and the material is the common gray chert I presume 
that here agam we have, in part, a store of blanks, although it is well 
to remember that a leaf-shaped blade may be an unfimslied arrow 
or spear point, a cutting blade, a scraper, or a reject It might be, 
if of unusual material and b^uty, a keepsake or even a charm 
When talking with Mr Lincoln so long ago I was somewhat less well 
mformed concerning matters archeological than 1 am at present, 
and my thought then was that the slightly notched forms of which 
he spoke might have been totemir, but Mr Lincoln has told me 
wilJiin the last two months that they were just plain notched arrow 
points 1 have named this deposit the Lmcoln cache 

Many years ago, I was told of a find of a large number of arrow 
pomts at the tune that the eiectnc railway was built from Saginaw 
to Frankenmutii They were discovered by workmen making a cut 
through a nse of ground east of Frankenmuth Junction, but my 
informant could neither locate the exact spot nor describe the find 
except to say that tb^ was a peck or more of '^flmt arrowheads ” 
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To the layman '^arrowhead^' is a rather casual term, indicating 
almost anything from a diert chip to a spear pomt a foot long It 
seems that the cache was divided among some of the men who found 
it or who were present when it was uncovered As I remember, my 
mformant was Mr Eugene EUis, a thoroughly reliable person (since 
deceased), but his information came to him rather mdefimtely, so 
that we can only give this cache a name I have therefore called it 
the Cook cache, after the man presumed to have been owner of the 
land contiguous to the railway 

It is quite probable that other caches have been found m this 
region but have not been reported, and it is not improbable that 
other deposits will be brou^^t to li|^t by the farmer’s plow or the 
archeologist’s spade, or casually discovered otherwise, for the present 
Saginaw County was perhaps the greatest center of Indian popula- 
tion m the state, where converging streams formed natural highways 
and where great trails came to a common center — a crossroads, 
indeed, the Chippewa designation for the tract of land now called 
the city of Bagmaw was iCaA-lKiy-«/iay-wav-nt?i(^, ^'the gathering 
place ” Here the annual Com Feast was held and councils decided 
momentous questions of tnbal policy or government Here genera- 
tions hved and died, leavmg their remains for our study and m- 
vestigalion 

Saoikaw, MiomcAN 



LINGUALIZATION IN AUSTRONESUN 
LANGUAGES- AN UNUSUAL 
CONSONANTAL SHIFT 

FLETCHER OARDMER 
aSNBBAL COMBI0XIU.TIOinS 

T he Island of Mindoro, anciently called Mait and still so called 
by the inhabitants of its intenor, hes near the crater of tiie 
l%ilippine Archipelago For perhaps a century before the Spamdi 
conquest piratical bands from Mindanao, Jolo, and Borneo occupied 
stations at Pinamalayan on the east coast and Mamburao on the 
west coast, from whi^ they raided to Luaon and other idands At 
the urgent request of the inhabitants of Panay Juan de Salcedo, on 
his way to aamst in the conquest of Manila m 1570, attacked the 
pirates at Mamburao and Paluan 

The effect of the Moro occupation of the coasts of Mmdoro was 
to dnve the indigenous inhabitants mto the mountainous mtenor, 
and this pressure contmued until well into the nmeteenth century 
In fact, tte last raid took place in 1868 llie isolation thus brought 
about has led to the preaervatioa of some of the ancient arts and 
customs long extmet elsewhere The most important of tiiese is the 
art of writing the ancient syllabary, which is dosely akm to those of 
the preconquest Tagalogs, Bisayans, and others which at present 
survive in a decadent state among the Ta^aauas of Palawan 
Anthropologically, Beyer (1) and Kroeber (4) classify the southern 
Mangyans as Indonesum or Proto-Malay Mabwanag (3), adw has 
hved as a neighbor to them for almost half a eentuiy, says that thrae 
are at least ten thousand of them. They speak four dulects quite 
similar in vocabulary, but different m pronunciation The present 
prdiminaiy paper, vdiich was begun early m 1988, is the out- 
growth of a study of the wntten and qioken languages of these 
people 

For the benefit of those who are unfamiliar with Indio linguistic 
eonventioas they nay be noted here. Agf^utinative inflection is the 

m 
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first and most important characteristic and is similar to that of the 
North American Indians Hcduphcation of inflective syllables, roots, 
or entire inflected words is a part of this S 3 rstem The second law is 
the RGHY senes, also known as Van der Tunk’s first law, which is 
explained by Conant (2) According to this law, the Indonesian 
parent speech possessed a certam consonantal sound which, havmg 
been lost m some languages, as in Old Javanese, became r m Toba, 
Karo, Cam, and Malay, g m Tagalog, Bisaya, Formosan, Ponosakan, 
Chamorro, h in Dayak, Sangir, and Bulu , and y in Lampong, Gayo, 
and Pampanga He furnishes a set of tables dealing with the sub- 
ject in great detail Thus the original Indonesian word *tyat, ‘root, 
vein,’ becomes in Toba urat, m old Formosan, ttgcU, m Dayak, uhat, 
in Lampong, oya, and is lost in the Old Javanese uvHxd This change 
IS always interdialectal The examples given above are mesial, but 
the same principle holds good for both imtial and final positions 

The third law is generally called RLD, and it ordinarily governs 
inflective changes, but may also operate between dialects By an 
mterdialectal pnnciple langit, *sky,’ which is the commonest form, 
becomes dangtt m Inibaloy and rangti in Zambali Bohnaw By in- 
flection such changes as the Tagalog dtto, ’here,’ and pan/o, ’come 
here,’ are very common It should be remembered that the ancient 
Phihppme alphabets contain no separate letters for r and that in 
Mangyan and Tagbanua, the <»i]y surviving alphabets, the same 
character is used for both sounds 

The fourth law is that of nasal substitution on prenasalisation 
In this change the letters b and p become m, g and k become ng, 
and 8 and t change to n These changes are purely inflective and 
have been well set fortii by Cemho Lopez (5-6) 

1CXAHPLK8 OF UNQUALUATION 

The present paper deals with the formation of substantives and 
quasi-ve^ by a pnnciple apparently not hitherto reported, it is 
here called “hngualtzation” b^use of the occasional inflective re- 
placement of all consonants, except m and y, by the letter r It is 
probable that m and y may also be included after further search 
If the word base begins with a consonant, the first syllable is re- 
duplicated, and the initial of the word base is changed to r (see 
Class A) If the word base begins with a vowel, the idiange follows 
the imtial vowel (see Claes B) There is a single mutation into I 
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The word given m Class C is borrowed from two Bisayan dialects 
The following examples will serve to clear the picture 

Class A 

6 tnatnbson» ‘darling/ < %hog^ ‘love* 
g garameaon, ‘deariug/ < gamatf ‘cut weeds* 
noiannan, ‘return/ < gman, ‘return' 
h harMan, 'loom/ < Aobol, ‘weave* 

AoramTMifisan, ‘conversation/ < hampangt ‘speak’ 
nagharafnpang-anf < kampang 
naghartmpang^hampangf < hampang 
htngyaan, *bid,* < htgya, ‘lie down* 
hurugtamnt ‘marriage ceremony/ < hugoi, ‘tie* 
k karanant ‘eatable/ < kanant ‘food* 
pagkarananf ‘dining place/ < kanon 
kalunonr^m, ‘much food/ < kanon 
I paaralaman, ‘farewell/ < paaiam, ‘goodbye* 
nga ngarangal, ‘talk nonaensei* < ngangOf 'chew lietel* 
p parakawan, ‘glutton/ < kawonf ‘cat’ 

paraaway, 'quarrelsome/ < away, 'fight, quarrel* 
parahampang, ‘so saying/ < hampang, ‘speak* 
paradarhan, ‘ask,’ < dara, ‘bring* 
parapulokan, 'oockfighting/ < ptdok, ‘cockfight* 
pofodaysfc, ‘one who olirn^ much/ < dayek, ‘clmih* 
paratnganan, ‘governor, judge/ < ingot, ‘guard* 
paraiuros, ‘sleepyhead/ < tur^, ‘sleep* 

« ioraputan, ‘wrapped bundle/ < 9aput, ‘wrap* 
suruguun, ‘messenger/ < sugo, ‘send* 
i taranuman, 'planting/ < ianum, ‘planting* 

Carayofean, 'divorce,' < iayak, 'separation' 
monarayakan, < iayak 
nnfuHigan, 'ereotness/ < Hndug, ‘erect* 
magtvripnan, ‘aasembly,* < hpon, ‘unite* 

Class B 

od aradalan, ‘leonung,* < adal, ‘learn’ 
ag aragawan, ‘quarrding,* < agaw, ‘quarrel' 
an aranakan, ‘womb,' < anak, ‘child' 
as orostnan, ‘salt bed,’ < asm, ‘salt’ 
at nagorotubang, ‘stand face to face/ < otebafig, ‘face to face* 
ate taawayan, 'quarrehng/ < avfoy, ‘quarrel* 

M trisgon, 'lawsuit,' < wig, ‘ohaUengo* 

Class C. 

bakyamon, ‘sorcerer,* < Hiligayna, Sebuan bobayfam, ‘priest* 

Apparently every consonant, except m and y, may change to r 
and b into botii r and I It is a pait of the gemus of all the Austro- 
nesian languages to find certain sounds euphonious and others dis- 
tasteful. There ts a widespread use of ligatures to avoid harsh 
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oombiaationB of sounds Apparently, to the ear of the Mangyan a 
reduplicated consonant is unpleasant and is avoided by the change 
of one or the other of the consonants into r or, in case of the single 
word babtyanan, into I It is believed that no Bimilar mutation has 
previously been observed 

San Antonio, Tbxab 
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THE PROBLEM OF DIFFUSION AND PARALLEL 
EVOLUTION WITH SPECIAL REFERENCE 
TO AMERICAN INDIANS 


PAUL HONIQSHEIM 


T he hifltory of the American Indian forma one of the moat im- 
portant branchea of bistonccd inquiry and philoaophy Al- 
though the Indiana have common ancestors with other groups they 
lived m almost complete isolation for several thousand years This 
situation provides the scientific mvestigator with an unusual op- 
portunity to consider the following problems What do all humans 
have in (*ommon, and m what sense and to what extent do influences, 
parallel development, and unique evolution by human groups sepa- 
rated from one another exist’ 

Europeans since the middle of the eighteenth century and, more 
recently, North and South Amencans have thought of the history 
of the Indians and especially the growth of the more complicated of 
their cultures as highly independent of and parallel to the history 
of the Old World This idea was a part of prevailmg evolutionary 
theory But since the end of the nmeteenth century there has ap- 
peared an anthropological concept of a more romantic, metaphysical, 
pessimistic, and antievolutionary character ^ It was first advanced 


* 

^ The history uf these theones is developed m the following publications by 
the author of this paper *‘Die geisteegeecbiohtlicbe Stellung der Anthropologie, 
Bthnokigie, Urgesehiohte und ihrer lUuptriohtunien," F^gUchrifU Publteahon 
d*himmage efjfarU au P W SchmuU (hereafter died as FuUchnfi), (Wien 
Meobltai^ten-Congregations-Buehdruokerei, 1938), pp 844-864, "Adolf Baatian 
und die Entwioketung der ethaologischen fiosMlogie,** KMmr Vterieijahrth^f^^ 
SosietopM, 6(1) (MOnohan, 1930) 01-70, "Swtologisohe Fragestellungen m 
der gegsnwArti^ pWdiiatorisctoi und ethnok^ehen Literatur/' tM , 7 (8) 
(1928) 881-848, and 7(4) (1939) . 427-440, ^*Sia Wort su Adolf Bastians 
100 Oeburtstag," /P£K (JahrMk /Or prmJMoruc^ und e/AnograpAtuAe 
Kunjd), 2 (MOnehen, 1937) 82-91, “fiduaid Hahn und seine fitellung in der 
Qescbichte der Ethnologw und Sosiologie," Antkropoi, 24 (St Oabnel-MOdling 
baiWien, 1929) . 687-012 


515 



516 Paul Hontgshetm 

in Germany by Ratzel ^ and Frobemus/ and was further developed 
by Ankermann ^ and Grftbner * Later it was presented in a more 
extreme form by Father Schmidt, ‘ Monghin,^ and their schools, 
and was accepted by anthropologists of many rountnes, but not to 
any great extent by the French * Because it was supported in good 
part by monks and missionanes, it was for several years considered 
a specifically Catholic concept, but now it has opponents aa well as 
adherents among Catholics * and among other religious and polit- 
ical groups 

TbiH paper will deal with these authors and their followers and 
with those of their opponents who hold the theory of parallel develop- 
ment Both sides mamtam the historical approach and the con- 
viction that American Indians came from Asia Therefore we may 
eliminate considerations of Indian autochthony,^^ of Atlantic im- 

* Hatid, F , Ihe ofrtkantaeh&n Bogen (Leipsig, 1801) 

* FrobemuB, L , Urt^prung der KvUur, Vol 1 (Berlin, 1808) 

* Ankermann, B , Kulturkreise m Afnka,*’ ZeU&ohnfifUr Ethntdogte (Berlin), 
Vol 37(1008), t^m, ^^Verbreitung und Formen dee Totemuiinue in Alnka,'* 
tM, Vol 47(1015) 

* The methodology of F Gr&bner wae first developed in hia book Die M«(ho4$ 
der Fl4no(Qgie (Heidelberg Carl Winter's Umversit&tebuchbandlung, 1011) He 
gave the firat apphcation of his general theory in "Die nielaneeiache Bogenkul- 
tur und ihre Verwandten," Anl^ropoa, 4 (Wien, 1008) 726*780, OOS-IOSO The 
complete eyetem of QrAbner » developed in the chapter "BUmologte" m the 
volume AfUhropohgte of the senes Ihe KttUur der Oagenvnrt, tkre EtUvnekelung 
und %hre ZteU, SeoUon III, subsection v (Leipsig und Berlin B G Teubner, 
1023), pp 485-681 

* The chief anthropological work of Father Schmidt is one in collaboration 
with W Koppers, GessUschqft und WirUchaft der Vdllper, Dsr Mensoh cdler 
Zettent Vol III (Regensburg Josef Habbel, 1024) In subsequent footnotes 
this work will be cited as "Schmidt-Koppers ” Many characteristio publications 
of writers who iximpletely or partly follow Father Solimidt are published in 
Feetechnft 

T The main work of O Menghin is WeiUgeechidUe der Steinemt (Wien 
Anton Schrotl und Go , 1081) This work will hereafter be cited as " Menghin " 

* The most representative publication of the French anthropdogiste who con- 
sider these idienomena mainly from the point of view of pandhd devekgimeiit is 
the ooUeoikm Traeaiux H mSmoiree de VInetUut d'Sihnoiogte (Pans, 1026-83) 
See the cnticism by the author of the present paper " Altamenkamsobe KuHuren, 
primitive Kunat und Naturvdker im frantastschen sosidogisobeu Schnfttum,” 
K^er Vmlebahr^ufle fdr Betudogie, 12(1) (MOnchen, 1088) « 70-82, in which 
be tnce to show why the tlneory of diffusion was not widely accepted m France 

* Schmidt, Venudi sur Rattung dee Bvolutlouiimus," intemahenalei 
Archie fdr Bthnegrai^t 30 (Leiden, 1036) 101 

" This tbeoiy, wbii^ is strongly supported hy many Latin-Amencaa anthro- 
pdogisto, hfui been deAwddy refuted by Aki HtdB&a m bis arUde "The 
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migration or influenccB,^^ of migration from Australia via a con- 
tinent that has smce disappeared, and of Australian, Tasmanian, 
and Mdanoaian mfluenoe 

The basic essentials of the general theories developed by the dif- 
fusionist school of Schmidt and Menghm (their applications either 
to special kmds of cultures or to American Indians being disregarded 
for the time) can be summarized as follows The most important 
inventions during the prehistoric penod were made only once, m 
Asia, not m isolation but as a part of a special cultural totality cov- 
enng most spheres of human life Such a cultural totality can be 
recognized by the fact that many cultural traits, which in the so- 
ciological and psychological senses are not necessarily connected, 
regularly appear m close connection in the lives of every one of the 
correepondlug groups For each of the less complicated cultures 
there is a corresponding one of greater complexity, which origmated 
m and evolved from the simpler culture This process also took place 
m Asia There, too, a number of the ongmal or more complicated 
cultures mtermingled In some mstances of such mixture one of 
the original cultures became predominant m the new (*ompound 
culture Every one of these cultural entities, both the simple and 
the compound, spread by migration and by diffusion from Asia to 
other continents, where some of them still exist and where the same 
process of mtemuxture occurred 

In the older system of Father Schmidt there are, including the 
mixed cultures, nmo such cultural entities; in the more highly de- 


Origin and the Antiquity of the Amenean Indian/’ Ann Rtp Board of Bogmit 
pf ^ SmUhtontan JnoMuiion (Washington, 1923), pp 486-467 

See Poanansky, A , '^Preoursores de Colon,” PttUtoaeumM do la Soetodad 
do Hulorta ArgmUina^ 1 (Buenos Aires, 1933} 1-1^ 

" This ttiMry was refuted by HrdiiSks in hu article ^’Melanesians and 
Australians and the Peopling of Amenoa/' Smthoonian Mt$c CoU , 94 (2) (Wash- 
ington, 1986) 19-27 

>* Such tbeones were especially emphasised by J Imbelloiu m h» articles 
“Fu4guidee et laguides,” far Batwnkfmdo^ b (Stuttgart, 1987) 810- 

814, <’Tabla dassiOeatoria de las Indios,”PAynf, 12 (Buenos Aim, 1988) 246- 
247 , Pobhuniento primitlvo de Aiw^oa,” Curses y Coqfsrsneios, 12 (Buenos 

Aires, 1988) 22-28. The opposite point of view is emphasiied by Hrdlidka, op 
att In note 18, pp 11-42, and by F. Boas, '^Rdatum^p between North West 
Asnerica and North Bast Asia,” in PAs Amertocm Abengmst, Their Or^ end 
AnCiginiy, ed Diamond Jenness (Toronto, The UnWe^ty of Toronto Press, 
1988), pp 

** Sdnni^Koppeiiipp 67-75,115,298-2994567-680: Monghin,pp 507-608 
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veloped system of Meni^n ^ere are fourteen, each of which repre- 
sents a physico^thropological group, a Imguistic entity, and an 
Old World prehistoric style 

After an imperceptible original culture^* came the oldest per- 
ceptible culture, that of the Pygmies, with the following charac- 
teristics predominance of wood unplemonts, bows and arrows, 
monogamy, and monotheism Out of this Pygmy culture branched 
three more complex cultures 

1 The so-called Eskimoid culture or, m terms of Old World pre- 
history, the pre-Moustenan, with ascendancy of bone implements 
This culture gave rise to the ongmal Asiatic animal-husbandry 
civilisation,^* which produced the various groups of predominantly 
horse- or cattle-raising nomads, who later became tlic state founders 
in China, western Asia, and Egypt 

2 The so-called Tusmanoid,*^ or pre-Chellean, culture, charac- 
terised by prevalence of stone implements, especially stone blades, 
and by the nonexistence of axes and bows and arrows This pattern 


Sohmidt-KopperB, pp 76"79, Menghin, pp 479-594 
^ Menghin, p 570 

The moootheum theory was most fully developed by Bchmidt m his work 
Der Ur^prung der OoUsaidee, sweite stark vermehrte Auflage (Mtinster i W 
Aschendkirf, 1920 and subsequent years) See also the following special pubhea- 
Uons of adherents of Father Bchmidt deahng with the theory of monotheisin of 
Pygmies and Pygmoids Koppers, **Iia FamiUe chez les peuples pnmitifs," Let 
DoeumerUe de Ut pie irUelleciuelU, Dec , 1929— Jan , 1930 (Juvicy, Seine et Oise, 
France) 22-27, idem, *'Die EigontumsverbSltnisse bei den Yamana auf Feuer- 
land,'* SetraUo da AtU del XXJJ Congreeeo Intemae degh AmeneameU (Roma, 
1928), pp 181-188, tdem, '^Individualforsohung unter den Pnmitiven, un be- 
Bondern unter den Yamana auf Feueriand/' Feeteehriftf p 364, Schumacher, P R , 
''Gottesgiaube und Weltanschauung der sentral^rikaniselion Knru-PygmAen 
Bagessra-Basigaba," Feetaehrrfi, pp 678-681, Schulien, P M , ‘*Opfer und Cebet 
bei den Atohwabo in Portugiesiaeh<4}stafrika,*' Feeladirtfl, pp 671-676, Qahs, A , 
** Kopf-, Sohildel- und Langknochenopfer bei Rentierv6lkem,**FssiaekrV^, pp 241, 
243, 248, 258, Qusinde, M , **Dat hOobate Wesea bei den GMknam auf Feuer- 
land," Feeieehnftt pp 271-274, tdsm, “Die fiSgeotumsverhflltaisse bd den 
Selknam auf Feuerland/' ZeUuda^i flkt Sthnidogte, 58(5-6) (Berlm, 1926) 400, 
tdem, “Die Geheunan Mfltmerfeiem der Feueritoder,'' Akadena^eriOUe “lee- 
PoUmiii.“ 4 Amerikabsnd (Leipzig tn d ]) . 856^ 858, 364, 370 

>* The beet lurveye of these cultural entHus am given by Menghin, pp 479- 
585, and, m a less eoroplioated form, by Sobmidi-KopperB, pp. 05-112 

1* Flor, F , “Zur Fngp dm Reniiemomadismus," Mvtteilungen der Anihropo* 
logteeken OeeeUeehafl tn fFtsn, 60(1930) 304, C^hs, op eiL, pp. 207-266 

** Schmidt, “Die tasmanisohen Worte sur BeseiOhnuog arehOdithlsoher 
WerkzeiiiB," ZeUrndirififdtmhnUegie, 80(6) (Berlin, 1910) * 918 
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spread from ixiiddlo Asia to a number of countries, including Tas- 
mania, where its representatives died out in the nmeteenth cen- 
tury From it the Totemistic oiviluation, with such manifestations 
as plastu* art and spear throwing, evolved It came by migration 
and diffusion to western Australia, New Caledonia, and some parts 
of Afnra, m the European prehistoric epoch it was represented by 
the Magdalenian 

3 The so-called Australoid culture, which developed in tropical 
British India It is charactenzed by fist wedge, boomerang, sticks 
used by women for gathering roots, and small, sticJc shields This 
culture spread to other countries, mcluding southeastern Australia 
In Asia the original horticultural civilization, of which horticulture 
by means of the hoe, matnlmear society, men’s secret associations, 
pottery, geometric ornaments, and masks are typical, evolved from 
It It spread to Melanesia and parts of Australia and was, in Euro- 
pean prehistory, represented by the Solutrean period From the 
original horticultural kind of life there develop^ in southeastern 
Asia the more recent horticultural matrihnear society, with domes- 
ticated swine and lake dwellings for more than one family It spread 
to other parts of Asia and in Europe was represented by the Neo- 
lithic Campignian 

This system and this classification were also applied to America, 
and the following statements were made (1) The Pygmy culture 
IS represented by some Fuegian tribes, « (2) The Eskimoid bone 
culture forms the background of all Amencan Indian cultures,’’ 
(3) The Tasmanoid blade culture reached America in an interglacial 
epoch and is represented primarily by the Yamana, one of the 
f\iegian tnbes,’’ (4) Totemiam came to America combined with 
elements of the original horticultural civilisation and was, m this 
form, one of the banc elements of the Inca Empire, ” (5) 'Fhe Aus- 

** A survey of such application was given for the first tune in Schmidt- 
Koppioe, pp 116*-127 

" See the publications of Schmidt, Koppere, and Qusinde citod in footnote 17 

** Mengbm, p. 527 ** Mengbm, p 50S 

■ Mengbm, p 603, Schmsdt-Koppem, pp 110-121, Trimborn, H, **Dio 
Regelung dw Sffentlidieii Qewalt im Inkardch," F^atsehr^, p 748, tdem, “Die 
kiUturgesohiehthobe Stellung der Lamasueht,” Tagungti/mehie der DeuUcken 
AnOirgpologkthan OmSMtafi (Leipng, 1238), p 43, «dsm, “Familien- und 
Erbreeht im prSoolumbisohen Pisru,” /Ur swpbiMsnds AscAfswussa- 

scAgfl, 48 (Stuttgart [n. d.]) . 354, «dam, “Straftat und Sttbne in Altperu/' 
JSlMelsgiS, 57 (3-5) (1385) . 804 eC powtai 
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traloid fist-wedge culture is represented by the more or less isolated 
central Californians hving without Totemism and matnhnear family 
orgamsation, ^ (0) The original horticultural civilisation is repre- 
sented by many prehistoric implements and historical cultures in 
northwestern and central North America and, together with Totem- 
istic elements, is one of the basic cultures of the Inca Empire,” 
(7) The more recent horticultural matnlmear way of life is repre- 
sented by the Iroquois and Pueblos m North America and by the 
Canbs and Arawaks m northern South America, near the Ormoco 
and Amason,^ (8) The animal-husbandry nomadic culture, with 
Its large patnarchal family orgamsation and warrior mentality, 
forms one of the basic elements of the more complicated civihzations 
of Central and South America, especially of the Inca Empire ** 
Before con^denng these applications of the system of the dif- 
fuBionist school to American Indians we must first examine the 
system as a whole and its statements about the essential cultures 
Certamly there occur in widely separated localities many almost 
identical combinations of cultural traits not of necessity sociologically 
or psychologically connected with one another In view of this fact, 
there probably exists m these places the same cultural entity gomg 
back to the same common center In that sense the dominant idea 
of the European diffusionists is an acceptable working hypothesis 
But there is msufficient evidence to permit us to regard such a con- 
cept as a theory and the supposed relation as a rule, especially when 
mveatigation reveals that the relation between the single phenomena 
is not as it has been described and that there are exceptions to the 
general rule that has been asserted Let us first consider a few 
salient facts which are not directly and necessarily connected with 
America 

1 A homogeneous Pygmy culture, common to all Pygmy groups, 
has never existed Certainly the one element, monotheian,*'' which 

M Sohmidt, '"Die AltstSmine Nonlamenkas,” in Featukrift Eduard Stler 
(Stuttgart Stmker und SehrOder, 1922), pp 471-602, Msoghm, p 485 

Menghm, pp 407, 608, SchnudlnS^ppen, p 121, Tnmboni, optra cU, 
** Menghm, pp 611, 605, 8ohimdtr-Kopper«, pp 121, 608. 

* Schnudt-Kmen, pp 126, 508, 608, Koppera, '*X>u VtMjm der Bnt- 
Btehung dar ’nentumt/* VorirOge dot V^mtu wr VmiraUiung naliuryHaumahafi- 
VFtea, 69(\Vien, 1929} 51 

Written egseelally againit the monothaiam theoiy of Pather Sohmidt Is 
the pamphlet by J J Fa&enfort, WU der UrmmelMmut cun Leben erhaUm 
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hss been attnbuted to all these groups is not, m fact, universal among 
them 

2 Even though such a Pygpty culture exists it cannot be con- 
sidered the oldest known civilisation All the Pygmies have bows 
and arrows, but these weapons appear regularly for the first time in 
the Neolithic epoch 

3 The original animal-husbandry way of life cannot be related 
to the Eskimoid civilisation The Eskimo did not domesticate the 
remdeer, although other peoples did, and the domestication of other 
animals, farther south, preceded that of the reindeer 

4 Domestication of ammals, generally speaking, cannot be asso- 
ciated with these northern cultures because it is closely related to 
the Totemistic culture, as will be pointed out later 

On the other hand, some of the complex cultures, which tlie dif- 
fusionists claim to be migrated ones with common origin, actually 
are such Without considering their connection with Amoncan In- 
dians and with some restriction on the relations which it is assented 
existed between them and European prehistonc styles, we can ac- 
cept the followmg entities (1) the Paleolithic blade culture and 
its migration to Tasmania, (2) the fist-wedge culture and its mi- 
gration to southeast Australia, (3) totemism as a cidture whole 
and its migration to parts of Austr^ia and Afnca, (4) the original 
horticultural civilisation and its migration to parts of Africa 

In each of these a particular combmation of traits, which socio- 
logically and psychologically are not necessarily connected with ou(* 
another, is found in widely separated localities But what about 
inclusion of Indians m the diffusion system? 

Until recently it was generally accepted that the oldest remnants 
of prehistonc Amencan culture could be traced back to the more 
recent sections of the upper Paleolithic epoch ** New matenal has 
been found, however, which closely resembles the forms of the lower 

vnrd (Qroningen, Haag Wolten, 1980) The author of the pmeat paper does 
not agree on all points with the theories of Fahreufort 

Lowio, H H , '^Subsistence,” (hneral AfUhropohgUt ed Frans Boas 
(Boston D C Heath and Co , 1938), pp 811-312 

■ Nelson, N C, "Pre^tonc Archeology,** OmmU Anihrapaioev, p 215, 
tdsm, “Antiquity of Man in Amenoa,** TAs Ammean Ahongtn$9, etc,, pp 87- 
129, HrdbAka, '*Tbe Coming of Man from Asia m the Light of Recent Di»- 
eovenee,”Afin Asp Board qffAs AsiffAsomaa /iieMfufioa (Wadungto 

1988), pp 468-489, fdsm, op. in note 10, p 490. 
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Paleolithic of Europe and seems to mdicate that man may have 
been, in America since the last stages of the Pleistocene ^ But there 
IS no evidence of any special relation between this oldest known 
American culture and the supposed Pygmy culture (the very existence 
of which now appears improbable) or the Tasmanoid blade culture 

We are justified m accepting, however, the migrations of at least 
two types of culture to America, for in two instances we find the 
same particular combination of traits m America and in the Old 
World The first of these two cultures is Totemism, represented in 
North America by the Tlmkits and in Central and South America 
by many dispersed groups, and forming one of the basic elements 
of the Astec, pre-Inca, and Inca civilisations The second is the 
matnlmear horticultural type represented in America by Iroquois, 
Pueblos, Canbs, and Arawaks and forming one of the bases of the 
Maya culture and of some pre-Inca civilisations Since Indians im- 
migrated to the New World without seed and cultivated plants the fol- 
lowmg possibikty exists At the end of the upper Paleolithic epoch 
Mongoloids came to America It is likely that they were similar 
in their behavior to the people of the fist-w^ge culture, without seed 
and knowledge of planting but with some technique of root^gathering 
acquired by the women and with some predisposition to the develop- 
ment of horticulture Under favorable circumstances they succeeded 
at this pursuit as did other people with the same background in tropic 
British India and elsewhere 

This much, but no more, can be accepted Certamly migration, 
or even diffusion, of an ammal-husbandry and state-founder civilisa- 
tion from Asia to Peru never occurred No remnants of such a cul- 
ture can be found at any point along the entire land route, and the 
Polynesian influence was only peripheric** Moreover, the more 

** Koberta, F H H , Jr , "A Fohom Oomidex/' SmUhMfwin Mt$c CcU , 
9i(4) (Wuihlngion, 1985) 1-35, Bryan, K , ai^ Ray, L , '^OeologieiJ Antiquity 
of the Lmdenmeier Site in Colorado,'' Smtthmman Mite CoU., 90 (Washington, 
1940) 69-72, Bryan, K , "Stone Cultume near Oerro Pedemal uid Their 
Qeologioal Antiquity,” Bug STcnsArvasol tmdPaiemM Boe , 2 (AbUene, Texas, 
1939) 9-48, Cassell, R. K , "A Pdetulated Comdor of Foism Migration,” 
Pap Miek Amd 3a , Arts, and LeUm^ 26 (Ann Arbor, 1941) 451-457 

** P Rivet has overempbaalsed the inftu^oe of Pdyneaians on Amenoan In- 
dian euHure m his art4de* “mbtiona oommerelalas pr5oolundilenBes entre l'Oc»- 
aide et rAmdrique,” Fa^tehrift, pp 588-4I08* That the Polynesiaiia brou^ 
some^HidalgoodawaaabowniatbeloUewiiigpublieatkms Sew, B , "Cher den 
Unpruag der mittelamarihanWian Kultur,” OmmmeUa AMafidfuafsa, 2 (Ben- 
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complex civilisations of Central and South America, especially the 
Andes civilisation, indicate that sometimes, when the same factors 
are converipng m two widely separated parts of the world, the same 
results appear To justify this statement, let us go back to Totemism 
Toteixusm is a religio-social kind of life ^ The desire to have near 
the dwelling a powerful sacred animal can, under favorable circum- 
stances, lead to the animal’s semidependency withm an enclosure 
and sometimes finally even to animal husbandry — pnmanly not 
an economic but a religious practice This process occurred under 
similar circumstances both in Asia and in the Andes, where in some 
places the existence of herds of domesticated animals developed the 
capacities for organization of the people and gave them forces which 
neighboring peoples did not have Thus the animal-husbandry people 
could subjugate the others, take over their land, force the subjected 
people to work for them, and found the state Among other proofs 
that this IS true, there is an indirect one the development from 
Totemism to animal husbandry never took place m Central America 
because of the lack of qualified animals Therefore, mstead of a 
centralized state organization as in the Andes, only confederations 
developed Because of the continuation of the patriarchal great 
family — corresponding to the Roman *'gens” with their militaristic 
character and mentality — the confederation among the Aztecs was 
comparatively tightly knit Among the Mayas it was looser because 


hn, 1904) 10-18, Hombostel, M v , "Pie Massnorm sis kulturgeschichthchea 
FoiechungBmittel," Fetiachnftf pp 804-^806, Imbellom, "Lr Premiere Chaue 
Mogloasomatique oo^ano-am^ncaine;'^ FesUchnft, pp 824-334, Nelson, "Pre- 
bwtonc Archeology," as cited in note 32, pp 209-212, Pixon, K B , "Contacta 
with Amenca acroM the Southern Pacific," The American Abonginet, etc , pp 
316-363, Boas, "Relationship between North Weet America and North £ii^ 
Asia, etc The Ammeon Aho^nce, etc , pp 857HI70, Wissler, C , ThcAmenean 
Indian, 2d ed (New York Oxford University Press, 1922), p 390 

^ This oonoept of Totemism was developed — with some reference to 
Grftbner*B chapter "Etbnologie," os cited m note 6, p 468 if — by the author 
of the present paper in "Die Wandsrungi” Verhandluneen dee 6 Deutechm 
iSceudopentopM (Tfibingen Mohr, 1929) pp 138-139, 200-201, "Kulturkreia- 
lehre, prfthistoris6h-ethnoloi(isohe ZusammenhZnge und primitive Kunst," IPSK, 
4 (Mttnchen, 1929) 126-128, "Kulturkreistheone und Evoiutionismus," Bervekt 
4Jberdiee6i Taptmpdsr i)stdse6enAnf6ropefogiscften Gesstticftqflf, Sonderdruokaus 
der Afataser 26 (Mams, 1981) 69-70; "Viehsttcbtemomadismus, 

Bodenrente, RnchtumsbUdung, Staatsienesis," Kdlmr Vtertobokrsks/Is/fir ^osto- 
logte, 11 <MflDchea, 1982) . 84 ff , " Altamenkamsohe Kultuten, primitive Kunst 
und Naturvfilker im beutlgen fransfieisohen sosiologisoben Sohnfttum," Qnd, 
18(1) (1988) 76 
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they did not have such a background and because the matnlmear- 
horticultural elements became more dominant m the mixture of 
cultural forms 

Additional examples could be given They would supply further 
evidence that, although both bases of historical investigation of early 
cultures provide useful working hypotheses, they lead to unacceptable 
exaggerations when taken as generalizing theories The truth lies 
not in the setting up of an opposition between diflFusionism and the 
theory of independent parallel development but m the higlier syn- 
thesis of the two 

MicmGAM SrAra Colliox 

East Lansino, Micbioan 



NOTES ON THE MANUFACTURE OF RUSH 
MATS AMONG THE CHIPPEWA 

VERNON KINIETZ AND VOLNEY H JONES 

T hroughout most of abonginal eastern North Amenca mats 
were a rather common article of manufacture and uao among 
the Indians Many references to ones of bark and rushes or “reeds" 
can be found m the early historical hteraturc Such mats are seldom 
made today, for they have been almost entirely supplanted by com- 
mercially manufactured products, and few of the Indian women are 
familiar with the procedures involved Since the making of rush mats 
appears not to have been previously described with any great degree 
of completeness it seems worth while to record our notes on tins 
mtcresting process as it occurs among the Chippewa of the Great 
Lakes region 

Mr Jones observed the gathering and preparation of matenals 
and the early stages of manufacture at the Walpole Island Reserve 
in Ontano m 1933 ^ Mr Kinietz witnessed work m progress on mats 
by two Indian women at Lac Vieux Desert, Michigan, in 1939 and 
1940,® and took notes on various steps and procedures It should be 
pomted out that neither of us watched the entire process of mat 
manufacture from beginnmg to end, but we beheve that oui com- 
posite notes offer a basis for a fairly complete description 

The essential materials used in making rush mats are two - - 
stems of the common bulrush (Sarpus valtdus Vahl ) for the warp 
strands and inner bark of the basswood tree (Ttlta amertcana L ) 
for the manufacture of cord for the border and weft Detailed 
descnptions of the preparation of basswood fiber and its manu- 
facture into cord have been given by Jones (6) and need not be re- 
peated here Such cord is an article of commerce m some Chippewa 

^ Mr Jones was engaged at the tune in field work as the Homeopathic Hos- 
pital Guild Scholar in Mi^igan Ethnology, University of Michigan 

* Mr Kimets' observations were made m the course of field work supported 
by a grant from the Horaoe H Kaokham School of Graduate Studies, University 
of Michigan 
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villages, a ball about eight inches m diameter sells for seventy-five 
cents at Lac Vieux Desert These same materials seem to have been 
employed in rush-mat manufacture throufdiout most of the Great 
Lakes region Smith reports that Sevrpus vahduB was the plant used 
for the warp by the Menomim (7, p 74), Meskwaki (9, p 268), 
Ojibwe or Chippewa (10, p 418), and Forest Potawatomi (1 1, p 112) 
of Wisconsin, and Densmore concurs for the Chippewa of Minnesota 
(2, p 154) Other authors, such as Boyle, Hilgcr, Hoffman, and 
Skinner, say simply that “rushes,” “bulrushes,” or “reeds” were 
the material utilised, and give no further identification Most of 
these authors agree that basswood cord was the weft matenal The 
only notable exceptions are that, according to Smith, the Ojibwe 
(C^ppowa) of Wisconsin (10, p 418) used cord of nettle fibers and 
the Meskwaki (9, p 268) employed this matenal as well as basswood 
At present, commercially manufactured cord is often used Through 
a part of one mat from Beaver Island, Michigan,* alternate pairs of 
weft strands are of basswood cord and cotton fishhne 

The rushes, which occur m diallow water along lakes and streams, 
are usually gathered in midsummer, when they approach their 
maximum growth At Walpole Island they were collected m early 
August Skinner (6, p 239) says that they are “npe” m June and 
July The women wade into the water to get the stems, selecting 
mature plants of medium sue Smith, m his accounts for the Mesk- 
waki (9, p 268), Ojibwe (10, p 418), and Forest Potawatomi (11, 
p 113), stresses the importance of choosing long rushes of small 
diameter and small pith area and asserts that the firmness and re- 
sistanee to wear of such rushes are recognised as desirable qualities 
by the Indians Those gathered at Walpole Island were from one- 
quarter to one-half inch in diameter at the base and from five and 
one-half to six and one-half feet long Plate I, Figure 1, shows 
Mrs Smith selecting rushes 

Each rush is grasped near its base with both hands and pulled 
steadily until it separates from the rootstock Care is necessary 
m pulling, smoe jerking may crush or bredc the rush The sheath 
endonng the base of the stem is stripped off, after which the base is 
washed by swishmg it tiiroui^ the water The accounts of Skinner 

* University of Mldtlgaa, Muaeutn of Anthropdogy, No 13682 CoHected 
in 1082 by Mr Walter HastingB on Hi^ Island, of the Beaver Island group, 
Micbigaa 
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(6, p 239) and Hilger (3) concerning the gathering of nishea agree 
dosely with our notes Hoffman (4, p 259), referrmg to the Menom- 
xni, says that the rushes are **cut,” but he must be mistaken in this, 
for the general practice seems to be to pull the rushes Hilger (3), 
Skinner (6, p 2^9), and Smith (9, p 268, 10, p 418) substantiate 
this opmion 

About throe hours are required to collect sufficient rushes for an 
average mat When tied, for transportation to the house, these 
form a bundle about a foot m diameter After arrival there the 
rushes are sorted, tnmmed, killed,** and cured before they are 
ready to be woven into the mat These processes require several days 

Any broken or otherwise unsuitable rushes are culled from the 
supply The smaller flowering ends are tnmmed, which reduces the 
length by about six mches Care is taken to make the rushes all 
about the same length They are then killed by a hot-water treat- 
ment Mrs Smith accomplished this by standing the bundle in a 
wash boiler and pounng scalding water over the rushes several times 
(PI I, Fig 2) Skmner*B dcscnption of the Menommi process (6, 
pp 239-240) agrees closely, but he states that the rushes were 
supported by a board during the scalding Mrs Smith says that 
formerly it was customary to unmerse the rushes m boilmg water m 
a hewn wooden trough Hilger (3) describes the Red Lake Chippewa 
as tying the rualies m bunches and boilmg them, and Hoffman (4, 
p 259) remarks that the Menomim steeped the rushes in boiling 
water, but neither author mentions the typo of receptacle used 

The killing process is important in fixing the texture of the rushes 
and m removing the green cnlormg matter Rushes allowed to dry 
without such treatment are said to be bnttle, less firm, and to have a 
less desirable color After killing, tlie rusljira are spread to dry and 
bleach in the sunlic^t They are generally strewn on the grass, but 
Denamore (2, p 154) desenbes drymg racks used by the Mmnesota 
Chippewa Hilger (3) reports that the rushes were turned several 
times a day to ensure uniform drying and were taken in at night to 
prevent ydlowing by dew, but neither of these was done at Walpole 
Island Smith ascribes a qmte different curing process to the Wis- 
oonsin Qpbwe (10, p 418) and Forest Potawatomi (11, pp 112-113) 
The rud^ are s^ to ho immersed m water m a late until they 
become white. We have not heard of this method elsewhere and do 
not believe that it was practiced widely 
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About a week is required for bleachmg and drymg, at the end of 
which time the rushes should have acquired a uniform color and 
should be well seasoned and ready for use or storage Sources do not 
agree as to the effects of the killing and curing processes Hilger 
(3) says only that the rushes were boiled until the green color disap- 
peared, and were then bleached m the sun Skinner (6, p 238) 
notes merely that the rushes "change color" Smith descnbea the 
bleached rushes variously as "ivory white" (9, p 268), as "pure 
white” (10, p 418), and simply as "white" (11, p 113) The undyed 
rushes which we have seen m some completed mats are all more or 
less tan Those prepared at Walpole Island appear to have been 
poorly cured, for they retain considerable green 

The rushes may all be left tan, or some may be dyed to furnish 
additumal color and design to the mat Dyeing u usually done be- 
fore the rushes are stored or before any of the weaving is begun 
This requires that the pattern of the prospective mat be visuahaed 
and planned ahead Skinner (6, p 240) says that the Menommi 
calculated the number of rushes of each color needed and sorted and 
counted them m advance The undyed rushes and the various lots 
of dyed rushes are tied m separate bundles (9, p. 268), and are then 
ready for weaving mto the mat 

Our data and those from other sources agree that formerly the 
rushes were dyed with native dyes, but that m m<ne recent tunes 
commercial anilme ones have been used almost exdudvely. Al- 
though some of the older mate exanuned seem to have been colored 
with native dyes it is difficult to determme defimtdy their nature 
Little information on this is available m most commumties Smith 
says that he could learn nothing about native mat dyes from the 
Ojibwe of Wisconsin (10, p 418), and gives nothing concerning them 
for the other teibes which he studied Our informants at Walpole 
Island and Lac Vieux Desert had little knoidedge of native dyes, but 
spoke of bloodroot (Stm^fuma oofiodefistt L) as a aouroe of ted, 
the bark of black walnut {Jugkm ntgra L.) for brown, and a black 
earth, which we think may be peat, for a purpliah blade. SIger 
(8) describes a "black-muck" dye, and Deoamore (2, p. 163), a 
"Uack-earth" dye, which may be the same as Hilg^s Other 
native dyes noted by Hilger (8) «e a mahogany color from alder and 
red from bloodroot Deoamore (2, p 168) lists an fanponng nondier 
of native dyes used for various purposea by the CSiiniewa: she men- 
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tionB that colors were used on mats (p 155) but does not give Ibeir 
sources Hoffman (4, p 269) refers to dull green, red, and brown, and 
Boyle (1, p 26) gives dark blue, red, and green, but neither states 
the ongm of these colors Our observation is that purple, green, 
red, blue, yellow, and brown most commonly appear on rush mats 
Mrs Smith of the Walpole Island Reserve had sufficient recol- 
lection of the use of walnut bark to demonstrate its preparation as 
a dye A quantity of bark was peeled from the tree and placed over 
a wood fire m a wadi boiler about half full of water After the water 
began to boil and to assume a brown color, rudies were added 
Smce the boiler could not accommodate the rushes to their full length, 
they were moistened to make them flexible, and twisted into coils 
After being boiled for about four hours, the rushes were allowed to 
stand m the dye vat overnight and removed the next mommg, when 
they were nosed m clear water, uncoiled and straightened, and placed 
m the sun to dry By this time they had acquired a deep, rich, 
brown color Skinner’s account of the Monomim dyeing process 
(6, p 240) IS essentially similar, but he does not specify the dye 
Hilger’s description (3) differs m that after the dye had l^en boiled 
the flmd was stramed before the rushes were added Densmore 
(2, p 163) says that the material to be dyed was boiled m the color- 
mg matter, reboiled, and if a dark shade were desired, allowed to 
stand in the dye vat ovemii^t She makes the mteresting statement 
that rushes were the most difficult matenal to dye, several dippings 
being required to fix the color properly 

Once the rushes are thus prepared they are ready for weaving, 
and may be used immediately or may be stored If put m some 
sheltered place, such as house or shed, they will keep almost in- 
definitely. Some mat weavers maintain a appply ahead for one or 
more mats; this may be drawn upon at their convenience 

Only very simple equipment Is required for weavmg The pn- 
maty essent^ is a bonsontal support from which the rudieB are 
suspended while the cord is intertwined through them This may 
be htUe more than a pole orosspieoe supported by other poles for 
uprights, as shown in illustrations by Densmore (2, pi. 61a, near 
p. 166), Bldttnet (6, pi 68, facmg p. 239), and Hoffman (4, id 20, 
facing p 261), and in our text figure 1 ^ This simple type of frame 

< DrawtnM for text figures l-'S were made by Mr Oarkton W AngBU,ofthe 
Univenity of Michigan, to whom wo expraie our grateful appredatKm. 
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ww seen at Walpole laland A more elaborate frame may be con- 
Htruoted, aa shown by Denionore (2, jd lb, facing p xu) Another 
type, with an additional crosspiece tii^ gives it certam advantages, 
whi(^ will be mentioned later, waa employed at Lac Vieux Desert 
(PI II, Fig 1) The frames are usually lashed together with stnps 
of inner bark of basswood or with amne other such bark The trans- 
verse pole IS ordinarily at about tiie staodmg heif^t of the weaver, 
or at least high enough ao that the suspended rushes clear the ground 
by a few inches The length of the frame must of necessity be greater 
than that of the prospective mat Brirf descriptions of mat-weaving 
frames are given by ^ 3 de (1, p 26), Hoffman (4, p 289), Deoamore 
(2, p 185), and Skmner (6, p 240) The frame ia uauaily aet up m 
some shady spot near the house, but may be m the bouse or under a 
shelter Shade is desirahle not imly fw the comfiMt of tiie worker 
but also to prevent the moutened rushes fnnn drying. 
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After the frame is ready the next step is the suspension of the 
rushes This is accomplished by binding one end of all the rushes 
together with basswood cord and then lashing this bound edge to 
the crosspiece of the frame The edge binding serves the double 
purpose of facihtatmg suspension and of later forming one of the 
borders of the mat 

The binding of the ends of the rushes is a rather complicated 
technique, which has not previously been ade(|uatcly described The 
account of Densmore (2, p 155} and her illustration of the border 
detail (2, pi 60a, near p 156) are not very informative The pro- 
cedure as we have observed it is as foUows A piece of cord mom 



than twice the circumference of the prospective mat — usually 
thirty or more feet long — is doubled and knotted m the middle 
The knot becomes the upper left-hand comer of the mat Starting 
from it and going from left to right, the worker fastens the rushes to 
the doubled cord m groups of four, as shown in text figure 2 The 
woman Bits on the ground or on some low support with a supply of 
rushes spread out before her She picks up four and holds them 
against the knot between the two cords, with about four mches of 
the rushes extending through the cords toward her The rushes are 
held with the Mt band, while with the right hand the two strands 
of cord are twisted to keep them in place The thumb of the left 
hand is then placed over the twist to hold it Four more rushes are 
now seteeted and their ends placed between the cords as before 
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Three of the projecting ends of the first group are bent over into the 
second group, vnth two of the second group above them and two be- 
low, thus concealmg the ends The cords are twisted as before to 
hold the rushes in place A third group of four is then selected, 
placed between tlie cords as before, and mto these are bent the ro- 
mammg end from group one and three ends from the second group 
— all of which are tucked m as described above This process is re- 
peated for the length of the mat, each bundle of four rushes receivmg 
three ends from the group immediately preceding, and one from the 
second antecedent group When the desired length is reached, the 
last projecting ends are turned down and tied by knottmg the two 
cords The details of the procedure are shown m text figure 2 Il- 
lustrations of women at work on such borders appear m Densmore 
(2, pi 60b, near p 166) and m Smith (8, fig 18, p 37) 

Several features of the techmque of border construction need 
further discussion In the groups of four rudies wluch are bound in 
together, two small ends and two large ends are always combmed 
This 16 essential so that the finished mat will be of equal length and 
thickness throughout In laying out the rushes for work, half are 
directed each way, so that the worker will not have to turn them as 
she picks them up As the ends arc tucked m they are trimmed with 
a scissors, the cut being tapered so that the ends will not cause too 
prommeut a bulge or ndge Any dyed rushes with which designs 
are to be formed must be mcluded m their proper place in the border, 
for they cannot be added later They are laid out along with the 
undyed supply, and intervals between design areas are calculated 
Since the dry rushes are bnttle, and must be bent in forming the 
border, they are moistened to make them pliable This may be ac- 
complished by pounng water over them or by wrapjang them in a 
moist blanket or quilt and leaving them there overnight Water 
may be poured on them at mtervals, hot water hastens the process 
The worker generally does the border in a cool, diady place so that 
the rushes will not dry too rapidly A pail of water is usually k^t 
at hand so that some may be sprinkled on the rudies from tune to 
time The cord may also be dipped mto the water to setften it, after 
which it is pulled tightly about the groups of rushes, holding them 
firmly. The resulting border is smooth, 6sxa, and neat, with no pro- 
jecting ends A variation can be achieved by changing the number 
of ends earned over into the succeeding groups For instanoe, in 
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some mats it has been noted that only two rushes, instead of three, 
have been earned over This makes little difference m the gen- 
eral appearance of the edge and is detected only on close examina- 
tion The lacehke effect of the finished border is shown in Plate III, 
Figure 1 

After the completion of the border it is lashed to the crosspiece 
of the weaving frame, where it is held firmly against the pole and 
bound tightly with stnps of bark The bordei is stretched to its full 
length by bark strands or cords fastening its ends to the uprights 
The free ends of the double cord used m making the border are tied 
tightly to the upni^ts near their bases The cords become the end 
borders As has been said, the pendant rushes are the warp of the 
mat, and basswood cord is the weft * The pieces of weft cord are cut 
m lengths slightly over twice that of the mat and are doubled, the 
doubled oord is then passed around the left border cord and the ends 
are pulled through loop This leaves two free ends of equal 
length All is now ready to begm the actual weaving process 

The weaver stands facing the suspended rushes and works from 
left to right One of the weft cords is worked through the rushes, 
under one, over the next, the rushes being manipulated with the 
fingers to facilitate the passing of the cord When the weaving has 
proceeded to the ne^t-hand edge, the weft cord is tied to the right- 
hand border cord The weaver moves back to the left-hand side, 
takes the second weft cord and repeats the process, m an alternate 
direction to that of the previous weft (going under the rushes gone 
over the first time, etc ) A new pair of weft cords must now be 
fastened to the left border, as before, and earned through This is 
repeated until the desired width of the mat is reached 

There are many aids and variations to the essential weavmg 
process just desonbed A number of weft strands are usually fas- 
tened to the left border in advance, so that the weaving wdl not 
have to stop each time for the attachment of new ones. These 
strands are thrown back out of the way over the frame, as shown m 
Plate II, Figure 1, and m text figure 1 The weft strands may be 
attached almost contiguously or may be as far apart as an inch, de- 
pending on the finoiess of the twme and the closeness of weave de- 
rired Aa the weft omrd is tied to the right border cord the loose end 

* HUger (8) says that tiie lushes am the wod and the basswood fiban are the 
warp, but we have seen no pnieeases ia finished mats of whidi this is true 
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IB not cut offr but IS left hanging The next weft cord is tied over 
this, successive wefts thus bind the loose ends of the previous ones 
This results m the n^t border of the mat being rather coarse and 
bulky, as can be seen m Plate II, Figure 2, and in Plate III, Figure 1 
The nght and left borders are kept straight by cords running at 
mtervals from the edges of the mat to the uprights and mamtammg 
an even tension on the mat Such cords may be seen in Plate II, 
Figures 1-2, m text figure 1, and particularly in Hoffman (4, pi 20, 
facmgp 261) 

During the weaving the rushes must be moistened frequently to 
retam their plasticity and pliabibty If the rushes are moist and a 
constant upward pull is exerted on the weft cords, a very closely 
woven mat results Water may be apphed by pouring from a vessel, 
spnnklmg with the hand, or blowing from the mouth This last 
practice was noted at Walpole Island and is also mentioned by 
Hilger (3) and by Skinner (6, p 241) In spite of such precautions 
some of the rushes become brittle, break, and must be spliced A 
reserve supply of all colors is maintamed for such emergencies 
When the broken end of a rush is approached in the weaving, another 
rush of the same color is inserted, with no fastenmg other than that 
furnished by the crossing over it of the weft cords 

As the weavmg proceeds the work area becomes ever closer to 
the ground, making it mcreasm^y ineonvement for the worker 
The frames seen at Lac Yieux Desert mgemously reheve this difficulty 
by providing arrangements to lower the crosspiece down the back 
of the supports and by havmg another top crosspiece over which the 
mat may hang The work can thereby always be adjusted to a oon- 
veniont height Figures 1-2 of Plate II illustrate this feature 

The weavmg stops three or four mohes short of the ends of the 
nidies, which are left to form the border The mat is removed from 
the frame and held in the lap while this border is constructed It 
IS made just as was the first one, by tunung m and binding the ends 
of the rushes * The cords forming the left border should be long 
enough to bind this last edge, but if they are not, additional corda 

* It IS evident from examination of some of the mats in the oofieotions of 
the Mueeum of Anthropology that the weavers beoama impatient m bmding the 
last border, for, although in the initial border the rushes were bound in the cus- 
tomary groupe of four, here they are bound m groupe of six When this is done 
m dupottng of the ends two nudmi from each group are earned over with four 
from the succeeding group 
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can readily be tied onto them The bindmg progreesee from what 
was the lower left-hand comer of the mat while on the frame^ to the 
lower nght-hand comer The ends of the last ruahefl are turned down 
along the nght border and bound to it The mat ib now finished 
Other sources seem to offer little detail on the actual weaving 
process, but the descnptiona of Densmore (2, p 155), Hoffman (4, 
p 259), and Skinner (6, pp 240-241), so far as they go, agree in 
general with our notes, showing only occasional discrepancies The 
technique seems, therefore, to be rather uniform, throughout the 
Great Lakes region at least Weavmg m progress is shown by 
Skmner (6, pi 58, facing p 239), Densmore (2, pi lb, facing p xii), 
and Hoffman (4, pi 20, facing p 261) Drawings of a partly finished 
mat and of a detail of the weave are presented by Boyle (1, p 25) 
An uncompleted mat from Walpole Island is in the collcrtions of the 
Museum of Anthropology of the University of Michigan ^ 

Ornamentation and design may be mtroduced into rush mats by 
coloring some of the rushes, by varying the technique of the weave, 
or by a combination of these two methods Dyed nishes may occur 
m plain stripes, with no variation in the weavmg — a very common 
practice — and several colors may appear in a single mat, the colors 
being alternated m spaced bands Ordinarily only a relatively small 
percentage of the rushes in a mat are dyed Design by weave varia- 
tion IS achieved by crossing the rushes over each other between the 
weft strands, which gives a ngsag appearance, as shown m Plate 111, 
Figure 1 By this device rushes may be mclmed diagonally across 
the mat for some distance, with more or less abruptness Another 
method of modif 3 rmg design is by twisting adjacent rushes about 
each other, so that a raised effect results llie rushes may be mampu- 
lated in pairs or m groups of four Variations in weave are sometimes 
earned throughout the entire mat, but are usually confined to areas 
of dyed rushes The oombmation of color and weave variation may 
result m elaborate and intncate geometnc patterns, as shown in 
Hate II, Figure 2, and Plate HI, Figure 2, and in Skinner (6, pi 59, 
facing p 242), Hoffman (4, pi 21, facmg p 262), Smith (8, fig 17, 
p 36), Boyle (1^ fig 32, p 25), and Densmore (2, pi 1, facing p xii, 
and pi 63, near p 157) Elaborate designs which are not geometnc 
seem to be executed less often, but Slonner (6, pp 241-242) mentions 
the weavmg mto mats of conventionalised depictions of supematund 
' No 13704 . OoUsotedby V H Jones in 1088 
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beingB and also lUustrateB a mat with floral desigDB (pi 60, facmg 
p 243) Densmore (2, p 166) speaks of a mat with a pattern of a 
vme with leavee 

There is considerable vanation m the length of rush mats, but 
much less m the width This is to be expected, for the width is 
limited by the length of the rushes, whereas there is no matenal or 
technical hmitation on the length Six mats m the collections of the 
Museum of Anthropology range from 26 to 42 mches m width, the 
average width being 36^ mches The range in length is from 49 to 
87 mches, with 69 the average Smith gives the selling price of mats 
among some of the Wisconsm tnbes as from eight to thirty dollars 
each (7, p 74, 9, p 268, 10, p 418) 

The weaving of mats seems always to have been, and still is, 
'Roman’s work Usually the weavers are old women who cannot 
engage m more strenuous tasks, but younger women assist them in 
their spare time Two or three persons can work on a mat at once, 
but of course it is necessary for each to have the pattern m mmd 
The women gather and process the matenals, as well as do the actual 
weaving They may receive some help from the men m the con- 
struction of the frame 

Rush mats were primarily floor oovermgs, but seem to have found 
other uses as well Hilger (3) says that they were laid on the ground 
to serve as tables, food being placed on them Hoffman (4, p 259) 
mentions them as seats m the medicme lodge Acoordmg to Skmner 
(6, pp 238, 242), rurii mats were covenngs for floors and benches 
and wrappmgs for war bundles, and handsome mats were pnsed as 
decorative wall hangings An illustration m Waterman (12, pi 1, fig 
1, facing p 486) shows an Opbwe (Chippewa) wigwam with waUs 
made of what is said to be bulrush mats They are more probably 
cattail mats, for these were commonly used in the oonstmetion of 
habitations 

The weaving of textiles by suspending the warp with ends hang- 
mg free is generally referred to, appropriately, as suspended warp 
weaving ” Such weavmg is purely a finger technique, idnoe no im- 
plements ue used The progress of the weave is idways downward or 
'^toward the weaver ’’ In these and other ways suspended warp 
weaidng is dis&ict in equipment and technique from true loom weav- 
ing, and had a distribution m aboriginal North Amenea quite apart 
from that of tiie latter, as is diown by Wissler <13, fig. 17, p 56). 



Manufacture of Rush Mats among the Chippewa 537 

Rush mats seem to have been manufactured formerly througiiout the 
eastern area of suspended warp weaving (see Wisder), that is, m the 
western Great Lakes area and m the region east of the Mississippi 
River and south of the Ohio The practice of making them appears 
to have been well developed among the Centrid Algonquian Indians 
in general, and particularly among the Chippewa, apparently bemg 
common to all the groups of the tnbe Except for the adoption of 
commercial dyes there seems to have been no change m the method 
of manufacture during historic tunes At present mats are seldom 
made, and the technique of their manufacture will probably be lost 
before many years have passed It is hoped that this paper will as- 
sist m preserving knowledge of this mterestmg trait 

UNivaBSiTT OF Micbioan 
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PLATE II 



Fra 2 Back view of mat shoan in Figure 1 
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PLATE in 


Ficj 1 Detail of hiiifthoci nmh mat 



Fxo 2 Lower pert of e ruib mat having a geometric design 





THE ORIGIN OF THE PRAIRID PHYSICAL 
TYPE OF AMERICAN INDIAN 

QEORQ NEUMANN 


T he racial history of aboriginal Amenca, like its cultural develop- 
ment, presents some of the most mterestmg and, at the same 
time, most perplexmg problems One of these is the ongm and 
antiquity of the Indians of the Plains Before we can explain the 
origin of the physical types of this region attention must be called 
to the groups that we find peripheral to tlie area Morphologically 
these Indiana can be classified into three primary racial types, not 
only on the basis of long series of crania from four archeological 
honsons but also on distnbutional evidence of racial divisions of 
living Indians Using for the pnmary races a termmology applied 
to the livmg Indiana by von Eickstedt,^ we identify a long-headed, 
high-vaulted, and relatively narrow-faced Sylvid group in the eastern 
woodland area, a round-headed, high-vaulted, somewhat broader- 
faced Centralid group m the southeastern states and the Southwest,* 
and a round-headed, low-vaulted (mainly because of a flat cranial 
base), laige- and flat-faced Paoifid group in the Canadian Northwest 
Terntones 

Dixon * has shown that, to judge from its concentration m the 


^ Von Eiclutedt, E , Raaaenkunde und Ra9Benge$ehM4 dtr Men»ehheU 
Stuttgart, 1084 

* The Sylvid and Centralid racial types oorreaponddo the Algonkin and Qulf 
types of HidU6ka (Alei Hnlli6ka, ''Catalogue of Human Crania m the United 
States National Museum CofiecUons,^ Proceedinga a/ the VnUed State* National 
litueeum, Vol 00, Art 0 1027), except that von Eiekstedt moludes the Indians 
of the Plains (BrdliOka’i Siom type), who fonn the subjeot of this paper, 
with the eastern dohchooephaho l^linds Von Eiokstedt's terms have been 
used in preference to HidliOka's sinoe the latter have linguistic and cultural 
ommotations Thus we find Sylvid Siouana m Vinpma, Cmtralid Siouans in 
Miaaoun, Northern Praind Siouans in Minnesota, and Scwthem Praind Siouans 
in Arkansas Hrdlidka’s termimdogy would present us with Algonquian Sioux, 
Oulf-type Siouans, Gaddoan-^qiealaiig Sioux, Siouan Sioux, Siouan Algonkins, 
etc — terms that would edthout explanation be somewhat confusing 

■ Dheen, R B , f Ac Maetal UieHary of Uan New York Charles Sonboer’s 
Sons, 1028 
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extreme margmal portions of the contment, the oldest stratum of 
aboTigmes consisted u{ a number of long-headed types, and his de- 
duction has been substantiated in many regions by archeological 
evidence This early population was at first widely distributed over 
immense tracts of continuous territory, and survived both as minor 
elements m later populations and as relatively homogeneous groups 
m margmal areas In the eastern United States the earlier pre- 
pottery-honzon Sylvids left extensive remams along the coasts of 
Maine and Georgia, in upper New York state, and m the ancient 
shell midden deposits along the nver courses of western Kentucky, 
Tennessee, and Alabama 

This same dolichocephalic population, with some variation m sub- 
types, Gontmued mto l^e next archeological honzon, in which the 
first pottery (fiber- and gronular-tempered) made its appearance 
The horizon has been tentatively dated as circa 800-1100 a d The 
glacial kame burials of northwestern Ohio, the stone mounds along 
the Ohio River, and the Tchefuncte sites m Louisiana of this horizon 
yield crama wbch can be assigned to the Sylvid group But with 
the advent of the Adena culture m southern Ohio and Kentucky, 
the Red Ochre manifestation m Illinois, and the Vme Valley aspect 
m New York the first brachycramal element appeared* Its connec- 
tions were with the Southeast The earhest k^wn cranial material 
m the eastern Flams from Minnesota, Iowa, Nebraska, Kansas, and 
Missouri IS Sylvid, and probably dates from this honzon. The 
crania from the Flattsmouth Group desenbed by Poynter,^ the vault 
graves along the lower Missoun and along the Mississippi m lUmois, 
and early Woodland sites m the other states can be mcluded here 

In the third honzon (perhaps between 1100 and 1400), during 
which the Marksville-Troyville, Hopewellian, Swift Creek, Early 
Weeden Island, and Copena cultures flourished, the racial composi- 
tion did not d^ge greatly All the earlier groups were probably 
long-headed Sylvids, only in the later stages of this honzon do Cen- 
tralid elements become promment m the North, especially m central 
lUmois and northwestern Indiana The eastern FlaiM are represented 
by the skulls from the Fort Lisa group,* which have been assigned 
to this penod on the baais of the type of artificial deformation they 

♦ Poyntsr, C W M , A Study of Kebtadca Grama,** AmeHetm Afitihepal* 
o^,N 8,17(8) 612^13 IQlfi 

« ;M,PP 614-615. 
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exhibit, and by a number of serieH from Hopc'welhan scattert^i 
along the Mississippi and its tnbutanes from southeastern Minne- 
sota to Oklahoma 

Finally, durmg the fourth archeological period, sometime be- 
tween 1400 and 1500, the mhabitants of the entire region covered 
by the southern states, except the Carolmaa and Virgima, were ie- 
placed by Centralid peoples This population, entering the south- 
eastern states through southern Missouri, Arkansas, and Louisiana, 
can be identified with the Muskogean-spoakmg tnbes who, immc^ 
diately before tlie discovery of America, expanded northward into 
Illinois and southern Wisconsin with a Middle Mississippi culture 
Undoubtedly some of the older long-headed peoples were absorlied 
by the Centralid newcomers, but other southern Sylvid tnbes were 
plashed toward the northeast In penpheral regions these Centralids 
come m contact with different groups and in a number of instam 
gave nse to transitional cultures, as well as racially mixed popula- 
tions Along the Missouri near Omaha Centrahds were found m 
the Wallace Mound group associated with the Nebraska aspect of 
the Flams phase,* m Iowa and Wisconsm Centralids and Sylvids 
were the bearers of the Oneota culture, and m southern Ohio Sylvids 
and Centralids came in contact to give rise to the Fort Ancient as- 
pect It 18 dunng these late prdnstonc times that we encounter the 
first Flams Indian skeletal remains, close to the Mississippi River 
south of Minnesota 

As for the Northwest Territories, although very little is known 
archeologically of the whole region extending from the Canadian 
northwest into the high Flams, it is virtually certain, as Dixon ^ 
has pmnted out, that the Indians of this vast area formed essen- 
tially one groat group Here too is evidenoe*that the region wa^ 
inhabited formerly by dohchocephabc types which were later iv- 
placed by Paoifids Originally this group, probably the most recent 
immigrants from Asia, underwent a change m head form and became 
more braohycephaho, but upon contact with doliohooephahe popu- 
lations its advance guard gave nse to a hybrid that differed a great 
deal from both elements that helped to produce it. AU evidence, 
especially as one proceeds south and eastward, points to this Pacifid- 
Sylvid mixture as a relatively recent happening. In the northern 
Flams the result of hybridisation was a type with a comparatively 
• /W , pp 510-512 * Op ca , p 43S 
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long but low-vaulted skull, a heavy, relatively large, somewhat flat 
face, and a prominent nose The westward movement of originally 
Sylvid Algonquian tribes mto the Plains in histone times may also 
have contributed a great deal to this mixture In the southern Plains, 
on the other hand, where the Paciflds came m rontact with a Cen- 
tralid type, the Pacifid-Oentralid mixture resulted in a form with a 
similarly heavy face, but brarhycranial and with a relatively high 
cranial vault I am calling these two types of Plains Indians Northern 
and Southern Prainds 

On exanunmg a wide range of crania of Plains Indians it imme- 
diately becomes apparent that as a whole they arc morphologically 
far less homogeneous than one would suppose This was brought 
out by Dixon ” when he attempted to classify them into his eight 
types, which were arbitrarily based on three mdices He mdirectly 
recognised the differences between such tribes as the Algonquian 
Blackfoot, Arapaho, and Cheyenne, the Biouan Asamabom, Crow, 
Teton, Mandan, and Hidatsa, and the Caddoan Ankara and Pawnee, 
on the one hand, and the Siouan Ponca, Osage, Kansa, and Quawpa, 
the Caddoan Wichita and Caddo, and tlie Tonkawa on the other 
Hrdhika* presents additional evidence, but he limits his Siouan 
physical type to the group that I have called Northern Prairid and 
describes the type represented by the Osage as ^'plainly not Bioux, 
regardless of language and possibly some admixture 

A detailed examination of all available cranial material from the 
Plains m which cognizance is taken of accompanying archeological 
data will throw much light on the racial history of this region, but 
It is already certam that we cannot distinguish a stabilised “Flams 
type’’ that would be typical of all the tribes with a Fiidns culture 
If we are to speak of a l^aind type we must recognise its tn-hybnd 
origin and its various degrees of regional differ^tiation based on the 
varying proportions of contributing elements 

UNivaasiTT or Micbioan 
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INDIAN TRADE OBJECTS IN MICHIGAN 
AND LOUISIANA* 

GKORGE I QUIMBY, Jr 
INTRODUCTION 

V ARIOUS trade ariiclee manufactured m Europe and European 
coloniee were acquired by (ustonc North American Indians 
from traders, cxplorci's, and missionaries in the seventeenth, eight- 
een^, and nmeteenth centunes Their presence m an Indian site 
provides some evidence for the date of o(*cupation because their 
chronology indicates the chronology of the associated native arti- 
facts The datmg of these articles is based upon the evidence of 
makers’ marks and styles or their presence in a documented historic 
site It IS possible, therefore, to obtain from the trade objects of a 
given Bite the date of the site as well as those of the objects them- 
selves When a site is documented and also contains suitable trade 
matenals the two factors complement each other and provide an ideal 
means for dating the native artifacts 

In a previous paper 1 desenbed the trade artifacts which were 
representative of the early and late histone penods in the upper 
Great Lakes region ^ The early lustonc penod was from 1700 to 
1760, the late one, from 1760 to 1825 It must be emphasized, 
however, that these dates represent a workmg hypothesis which 
may have to be modified * 

My present purpose is to compare the trade materials indicative 
of tlie early histone penod in the upper Great Lakes region with 
those of the same penod m tiie lower Mississippi Valley and to show 
the siimlanties between them, despite the considerable geographical 
separation of their proveniences There are data from four different 

* This paper was pnpared with aanstaaoe from Louisiana Work Projeots 
Administrafion Official Proieot No 165-‘l-64r-5e. 

* Quimby, Oeoige I , Jr , Trade Articles as Chronological Indi- 

cators for the Archaeology of the iHstone Period in Michigan/' Pop Mteh 
Acad Set , Ark, and Ldkre, 24, Part IV <1238) * 25-31. 1339 
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Indian Bites of the early histone penod, one in Michigan and three 
in LfOUisiana, and all four sites weie occupied when French influence 
was dominant 

THB BITES 

The upper Great Lakes matenal was collects from the site of 
Fort St Joseph near the city of Niles, m Bemen County, Miciugan 
The fort was ostabhshed and maintained by the French from shortly 
after 1700 until 1700 Near it were two Indian villages, one Miami, 
the other Potawatomi Therefore the trade artifacts from the en- 
virons of the fort should constitute a part of the matenal culture of 
the Miami and Potawatomi tnbes as they existed m the early histone 
|)enod ® 

The trade artifacts from the lower Mississippi Valley came from 
two histone Indian villages in Louisiana and one in Mississippi 
The firat of these is the Angola faiin site in West Feliciana Parish 
In the early histone penod it was probably occupied for the most 
part by Tunicas ‘ Archeological mvestigations of the site by James 
A Ford produced many trade objects accompamed by numerous 
artifacts of native manufacture which were diagnostic of the Natch- 
ezan culture type ^ 

The second Louisiana site is a former Bayogoula, Muguladia, 
and Taensa village in Iberville Parish The known penod of oc- 
cupation was from 1690 to 1706, although there were probably 
intermittent occupations by remnants of these tnbes and others until 
1758 Investigations of this site also produced trade objects along 
with native artifacts which were of the Natchesan culture type. 

Excavations at the Fatherland plantation near Natches m Adams 
County, Mississippi, have been described by Ford European trade 
objects were found m association with Natches artifacts This site 
IS probably the Grand Village of tlie Natches, which was occupied 
from at least 1699 to 1730 ® 

* Quimby, op ei< , pp 25-20 

* Ford, James A., Analyme cf Indian ViUagB StU CctUctunB from Ltmmana 
and MmtmpjUt pp 129-140 Anthropologioal Study No 2, Department of 
Conservation, Louisiana Geological Survey, New Orleans, 1930 

« Ford, op. eU , p 140, and Quimby, G. I , Jr , ^‘Tfae Natchesan Culture 
Type,” Amancan Aidupidyf 7 (1942) ^lfi-275 

* Bwaatan, lohnn^ Indian Tr%be9 ^ tha lAwer MtmmpptVaUty and Adith 
esfd Coast th» of Mextoo, pp 274r>270 Bureau of American Sthnology. 
BuUedn 43, Washington, 1911 

* Ford, op erf , pp 69-65 
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THE TRADE OBJECTS 

OlasB Beads 

The sites m both Michigan and the lower Mississippi Valley 
contained identical types of Venetian glass beads The glass or 
porcelain beads traded to the Natchez have been described by Le 
Page du Fratz, a French wnter ^ who lived among these Incbans in the 
first quarter of the eighteenth century His account is not very 
specific, but among the beads he mentions were some like those 
found in these early sites The vanous t3rpes and their distnbution 
are recorded m Table I 


Olaes Containers 

The mtroduction of glass bottles into the lower Mississippi 
Valley must have occurred pnor to 1700, for a '^double glass bottle” 
was seen m a Bayogoula temple by Iberville m 1699 * Fragments 
of Dutch gin bottles (PI I, Fig 20) were found only at the Bayou 
Goula and the Angola farm sites Large rum bottle fragments 
(PI I, Fig. 19) have been recorded, however, from all the sites dis- 
cussed m this paper, but fragments of blown glass tumblers were 
discovered only at the Bayou Goula site 

Earthenieare 

Fragments of ^azed and unglazed crockery jugs and bowls 
(PI I, Fig 21) are represented m all the sites considered French 
polychrome earthenware (PL I, Fig 22) and earthenware with ap- 
plique design have been obtained at the Fatherland plantation, the 
An^la fann, and Fort St Joseph Slightly different polychrome 
earthenware has been recorded for the F^erland plwtation, 
Bayou Goula, and Fort St Joseph sites And a Staffordshire-hke 
earthenware (PI I, Fig 23) has been found at all the sites Per- 
haps this style of potteiy represents a later introductiou of Bntish 
oriipn It is not mconeeivable, however, that English pottery was 
dutnbuted by the French 

Pipes 

White-olay molded trade pipes, with round, flat-bottomed 
spurs, were discovered at all four ntes Examples with "TD” or 
* Swzttton, op Ml., pp JMHS6 * Sminttm, &p eU,,p 276. 
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TABLE I 

Ttpub or Beam aito Tbbie DmniBonair 


Styles of beads* 

Fort 

St Joseph 

Angola 

fann 

Bayou 

Goula 

Father- 

plantation 

Seed 





Colorieaa 


+ 


+ 

Monoohrame (FI I, Fig 1) 

+ 


+ 

+ 

*‘Comal»ie d’AUepo'* 
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+ 

ESongate-apheroidal 





ColoriesB (FI 1, Fig 2) 

+ 

+ 

+ 

+ 

Monoehrome (R I, Fig 3) 



+ 

+ 

Polyohrome (H I. Figs 4-^} 



+ 

+ 

Oblate-siiheroidal 





Oolorlees (PI I, Fig 6) 


+ 



Monoehrome (FI I, Fig 7) 



+ 

+ 

Polychrome (in 1» Fig 8) 

+ 

+ 


+ 

‘‘Gooseberry'’ (FI 1, Fig 0) 

+ 




“C3omBlmed'Allepo" (PI I, 





Fig 10) 
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+ 
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Monoehrome (FI I, Fig 12) 


+ 

+ 

+ 

Pcdyohrome (H I, Fig 13) 


+ 



Oblate-qiheroidal-fluted 





Monochrome (PI I, Fig 11) 

+ 
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+ 

Decahedral 





Odorless (FI I, Fig 14) 

+ 

+ 



Monoehrome (FI 1, Fig 15) 

+ 

+ 



(FU^Fig 16) 

+ 

+ 


+ 

Monochrome (n I, Fig 17) 

+ 

+ 



Tubular 





Monoehrome 

+ 




Polyohrome (FI I, Fig 18) 


+ 
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* Ct Orohaid, Wm. C , "Baada and Baadwoik ot the Amaricaa Indwnai a 
Study Baaed on BpeounaBa in the Muaeum of the Amorioaa Indieii,*' CmtHbw 
(tone (ha Ifvaaum <tf dDMitecm /ndMM, J^oNndelMn, Vol XL 

“RT” atamped oa the bowl an m the cdleotioDa from the AngoU 
farm and Fort St Joeeph A few td tite {dpee at Fort St Joaeph 
have pomted apoia, muahroom-ahaped apuia, and t^iphqud atamped 
deaigna, varianta which do not occur m the lower Miaaiaaippi YaOey 
aitea Iron*tooled atone Micmac pipes, on the other hamd, are 
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Indian trade objects of tlie early histonr period 

Figs 1-lS, glass beads, Figs 19-20, glass bottles, Fkgs 21-23, 
earthenware, Figs 24, 26, 28, trade pipes, Figs 25, 27, 29-31, 
aboriginal pipes, Fig 32, small dinner beH, Fig 33, jewVharp, 
Fig 34, small hawk bell, Fig 35, lead fabric sc^ 
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diagnostic of matenal culture at Fort St Joseph as well as catlimte 
and pewter ^'peaoe pipes ” A style of pipe with a glased pottery 
bowl (PI I, Fig 24) was found only at the Bayou Goula site Short- 
stemmed dark-clay trade pipes manufactured in Marseille (PI 1, 
Figs 26» 28) have been collected from the surface of a historic site 
in Pomt Coupee Pansh, Louisiana, and although these are not from 
one of the historic sites m question, they are presented here because 
of their typological relationship with native pipes that come from 
Bayou Qoula (PI 1, Figs 25, 27, 29-31) 

Objects of Brass or Copper 

Brass or copper kettles were present at these early histone sites 
m both Michigan and the lower Mississippi Valley More common 
artifacts^ however, were cut and hammered fragments of brass 
kettles All four sites yielded objects of brass, such as disk buttons 
with nnp for attachment, hollow spheroidal buttons with nngs for 
attachment, thimbles, and ooiled-spring ornaments Du Prats de- 
senbed these ornaments and the way they were worn * A circular 
copper gorget with two perforations accompamed a bunal at the 
Fatherland plantation Brass or copper tinkling cones and hawk or 
Morris bells (PI I, Fig 34) are reported from all four sites and, ac- 
cording to the journal of the fngate Le Martn, the Bayogoula and 
Mugulasha had tinkling cones as early as 1690 ” Hawk bells worn 
by the Natohes are mentioned by Du Prats Brass dinner bells 
(in. I, Fig 32) have come from the Bayou Goula site and the An- 
gola fern Sheet-brass Cnshaped bracelets occurred only at the 
Angola farm, although brass-wire bracelets of similar shape are 
listed for all four sites. Triangular sheet-brass projectile pomts were 
common in the Fort St Joseph collections, bqt have not been re- 
corded for any of the lower valley sites discussed in this paper 

Iron 0}^ect8 

Jew’s-harps (PI. 1, Fig* 33) were found at the Angola farm in 
Louisiana and at Fort St Joseph m Michigan. These musical 
instruments, however, are also representative of the late histone 
period, at lewrt^m the upper Great L^ee region.^ Inm clasp knives ^ 

* Swanton, op SU,p K ^ IM , p 276. iM , p 127 

» Qwmby, p 80 of artids cited in note I 
» iM , p 27, and Plate H. 
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and butcher knives were collected at all four sites According to 
Iberville, the Bayogoula and Mugulasha Indians had knives os early 
as 1609, probably they were pretty well distnbuted throughout 
the lower Mississippi Valley by that date Iron-wire C-shaped 
bracelets and scissors were unearthed at both the Angola farm and 
Fort St Joseph Iron axes with loop hafts have been listed from the 
Angola farm, the Fatherland plantation, and Fort St Joseph Docu- 
mentary evidence of the existence of iron axes m the lower valley 
has been found by Bwanton m the writings of Iberville and of Du 
Prats, who stated that these axes were made by the French and had 
a blade three inches long Iron hoes with loop hafts were present 
at both the Fatherland plantation and Fort St Joseph 

Such articles as caltrops, fishhooks, triangular projectile pomts, 
awls, saws, tomahawk pipes, and needles have been reported only 
from Fort St Joseph Iron needles, however, were known m the 
lower Mississippi Valley in the early histone penod, for some were 
given to Bayogoula and Mugulasha by Iberville in 1699 ” The only 
example of an iron halberd came from a bunal at the Angola farm 
All the sites contamed iron nails, but flat oval stnke-a-lights oc- 
curred only at the Angola farm and Fort St Joseph A rather 
unusual iron kettle with three legs was found at tbe Fatherland 
plantation 

Flintlock Gune 

Although the archeological evidence mdicates that the historic 
Indians of the lower valley had flmtlock guns, it is interesting to 
note that both De Montigny Dumont and Le Page du Prats ^ spe- 
cifically mentioned them as articles of trade Nearly identical flint- 
lock guns have come from the Angola farm. Fort St. Joseph, and the 
vicimty of the Fatherland plantation The barrels are oct^nal m 
section at the breech, and liie brass butt plates have a narrow omate 
spur, which was fastened to the top of the stock Brass trigger 
guards have a shaped and engraved fleurnde-hs or similar design 
at the distal ends, it and the section of the guard which covered the 
trigger are engraved with enclosed rectangles Brass ramrod leaders, 
which are hexagonal, have a long, narrow tang, the brass side piates 
consist of a central shield with openwork at either side The bat- 

^ Swsntoo, op oil , p 275 ^ Ihid., pp 66, 127, 275. 

» /did, p 275 i’/bid,p20 «/6id.,p.6e 
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tones or fnsiens are plain and undecorated Lead balls of slightly 
variable siae are common at all sites Qun flints, which are plano- 
convex or trapeaoidal m cross section, have been recorded for all 
sites Some objects, however, occur only m collections from Fort 
St Joseph These are iron butt plates with saddlebacks, solid side 
plates of brass, some of which were engraved, and brass side plates 
shaped like conventionalised dragons A different type of butt 
plate excavated with a bunal from the Angola farm was made of 
iron and has a short spur to fit over the upper butt end of the stock 
Iron tngger guards were found only at this site The guulocks 
themselves, although damaged and encrusted, are similar in both 
the northern and southern areas 

RehgtmiB Objects 

Collections from Fort St Joseph included brass or bronze med- 
als stamped with pictures of samts, prayers, and religious phrases, 
brass finger rings engraved with religious devices, brass crucifixes, 
brass crosses, and lead crosses^* No similar artifacts have been 
found at Bayou Goula, the Fatherland plantation, or the Angola 
farm, althou^ the possession of medals and rosanes by early histone 
Indians m the lower Mississippi Valley was mentioned by Paul du 
Poisson m 1727 ** 

Cotns and Fabric Seals 

By virtue of the dates stamped upon them coins and fabnc seals 
are pwticularly important in determining the chronological position 
of histone sites In 1721 Charlevoix mentioned that the Tunica 
chief dressed like a Frenchman and hoarded money, and that he 
was “reckoned very nch ^ This statement suggests that the use of 
coins was rather common A French colonial com dated 1722 was 
excavated from a pit in the Bayou Qoula site, and another French 
com with the date 1677 forms part of a collection from Fort St 
Joseph* 

Lead fabric seals were probably attached to the cloth and blankets 
which were introduced into the loww Miasissippi Valley during the 
early histone penod by the French Both Du Prats and Dumont 
mentioned the use of blue and red limbourg for oiothmg by the 
Indiana of the lower valley." A lead fabric seal (PI I, Fig 35) from 

** QuimlWr Plates I-Il cH article rited in note 1 
Bvaaton, op eU., p. SIS JM., pp 813-818 ** Ibtd , pp 53-88 
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the Bayou Goula site was too badly eroded to enable me to deter- 
mme a date or an macription, but its association with other trade 
objects and the docum^taiy evidence for the existence of cloth m 
the area suggest that the seal belongs to the early histone penod 
Similarly shaped lead seals from the Fort St Joseph collections are 
dated from 1734 to 1746 ^ 

MiBcellaneous Trade Ohjecta 

Powdered vermilion has come from all four sites Its presence 
among Indians of the lower Mississippi Valley m the early histone 
period is confirmed by Dumont ^ Only m the Fori St Joseph col- 
lections, however, are there shell runtees, although ornaments of 
catlimte are found at the Angola farm, the Fatherland plantation, 
and Fort St Joseph 

BUMHABY AND CONGXiUSlONB 

Despite the distance between the Fort St Joseph site in Michi- 
gan and the sites tn the I/iwer Misnasipin Valley ^e same types of 
trade objects occur m both areas The reasons for this phenomenon 
are two (1) Both sites belong to the early histone penod, and 
(2) both areas were under French dommation during this penod 

Probably a number of these trade objects mdicate only the 
histone period in general There are, however, other artifacts which 
seem to be characteristic of the early historic period Some of them 
are the various bead types, with the exception of seed beads, which 
persist throughout the histone penod, coins, fabno seals, types of 
glass bottles, types of earthenware, types of knives, and certain 
styles of flmtlock guns Of course, it is possible for any or all of 
these objects to occur in a late historic site, but they would prgbar 
bly be associated with other trade objects known to be diagnostic 
of the late penod In addition, there are certain early histone trade 
objects which may be mdicative of the area as well as of the period. 
For instance, the shell nintees, iron-tooled Micmac pipes, metal tn- 
angular projectile pomts, and other things weie found only m the 
Fort St Joseph collectuHa and, therefore, are representative of the 
early histone period at that place. On the other hand, such objects 

M Qoimby, p. 37 and Plate I of ardrie oited in note 1* 

Swanton , op eU,pp 54, 00. 
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as iron halberds and French elbow pipes are perhaps diagnostic of 
the same period m the lower valley 

There is the additional probability that early histone sites in 
areas dominated by the Bntish or the Spanish will have an entirely 
different complex of trade objects indicative of penods and areas 
For this reason the dating of histone sites by means of trade arti- 
cles should be undertaken cautiously and with a knowledge of the 
area, the donunant European nationality, the archeology of the 
histone sites, the documentation of the sites, and the chronology of 
the trade objects 

Louibiaxa State Archabolooical Snavur 
Baton Rouge, Louisiana 




LITHIC PATINA AS AN AGE CRITERION 

ELMAN SERVICE 


I N THE kterature of archeology m both Europe and Amcnra cer- 
tain surface alterations on stone artifacts have been interpreted 
as evidence of great antiquity These alterations have usually been 
desenbed as patina ” ^ There are archeologists today who have 
dissented with this view and who feci that the blanket assertion 
that the presence of patina means great age is naive and ill-founded 
Little agreement, however, is manifest among these archeologists as 
to what its presence really does mean No one, apparently, has 
taken the trouble to publish a bibliography on the subject, and the 
writings of those few who do have a positive opmion about the nature 
of patina are more conjectural than scientific That a very confused 
state of affairs exists m this respect is clearly indicated by the fact 
that the authors who have the most to say about patina often do 
not even refer to the same kind of phenomenon m their use of the 
term 

A rather noteworthy fact is apparent m looking over archeo- 
logical hterature Those who consider the presence of patma a re- 
liable entenon of age make, as a rule, very little comment about it 
except for notmg its presence It » among those authors who dis- 
agree with this concept that are found the few positive statements 
concerning the nature of surface change 

An Englishman, H Dixon Hewitt (6), has contributed the most 
notable work on the subject among the European students He 
experimented carefully and demonstrated that there are many kinds 
of chemical action on stone which can change the surface color or 

> Aeoording to W^bskr^s N$w JnUrnahamd JMsanary (1084), patina is "A 
film, usually gma, formed on copper and bronae by kmg exposme to a moist 
atmosphere, or by treatment with acids, cte It is a basic carbonate of copper 
protwmg ^ from further oiddation . . By extension, a film similarly 
formed on other metals, or tiie surface appearance assumed by various materials, 
as wood, maittoi etc , ^ter long exposure '* The term **patiiia" has been long 
used in dlsssioal ardiMlogy In striot acoordanoe with this dictionary definition 
Novrimre, however, to the best of my knoededge, have archeologists in the Near 
Eastsm fisM used it as a criterion of age 
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structure Oxides of iron and manganese may be present m a soil 
to color the surface of a stone, and alkalme solutions — the chief 
of which are potash, soda, and ammonia — may also be active, as 
may alkaline chlorides Investigation showed that at least four 
factors affect the amount of surface change a given chemical is able 
to induce the length of time a rock is exposed to the chemical ac- 
tivity, the temperature, the concentration of the chemical agent, the 
imtial condition of the stone It is possible, of course, that in nature 
there are still other influences to consider It seems obvious, inas- 
much as the time element is one vanable among four or more others, 
that chemical change on the surface cannot have any absolute value 
in determming age Mechanical change of surface due to certain 
kinds of abrasive action quite naturally depends on so many dif- 
ferent specific circumstances as to be of even less value as evidence 
of antiquity 

Additional types of surface change have been desenbed by other 
English authors who, like Hewitt, do not accept the mere presence 
of patina as evidence of great antiquity W. J SoUas (II) mentions 
that pure silica earned m solution may be deposited as a sort of thin 
film on the surface of a stone This results m a brilliant polish 
He also notes a similar kmd of change m flmt, which he defines as 
a granular mixture ci quarts and opal Underground water may 
dissolve away some of the opal and leave a very thm film of pure 
quarts granules If the flmt is of the black variety, the well-known 
'*blue patina” appears 

M C Burkitt (5) describes flint as silica contaimng m loose 
combination a vanable quantity of water In some circumstances 
moisture may be given off, leaving a thin skin of colorless silica on 
the surface. The blue patma is due to this film lying over the black 
flint Iron salts may l^ome absorbed into the film and color the 
flmt surface an ochreous yellow or orange. However (to quote 
Burkitt), ”It must be borne m mmd that the formation of patma 
is vexy oapneious and results from conditicMis as yet imperfectly 
understood No great antiquity can be postulated for a specimen 
simply because it is deeply patmated ” Edgar WiUett (14), like 
Buiiatt, considers patina to be a glossineas resulting fit»n the dep- 
osition of a film of pure sdica on the surface of flint, whereas Leslie 
Armstrong (2) thinks it is a thm mnmal film laid down in the evapo- 
ration of mature which earned minerd substances m sohition. 
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French archeologiats have become greatly mterested in patina- 
tion m the last few years On the pages of UAnthropologte are re- 
corded many controvemes as to whether a consideration of patina 
has value The staunchest upholder of the '*pro” side of the ques- 
tion, the Ahh6 Breuil (3), makes no claim, however, that patina 
has any value as a cntenon of age He beheves it should be studied 
carefully because degrees of patmation on two typologically dis- 
Biimlar groups of arUfacts may mdicate that the two groups had 
been stratigraphicaliy separated 

Other French wnters, workmg with European paleohths, have 
refused to concede that patina has any value at all Ren^ Vemeau 
(12, 13), for example, has been very forceful m his denunciation of 
patmation studies 

In America archeologists have often considered these surface 
alterations on stone artifacts to be evidence of great antiquity 
N H Winchell (15) argued m 1913 

The patmation of flint is aooepted in Eur(H>s M an indication of gnat age When 
found on similar artifacts in America it has the same sigmfiesnoe Not only 
do European specimens show the well-known patination indicative of Paleolithic 
date, but African and Asiatic stone implements, when they possess this evidence, 
also are classed umformly with European Paleolitha. 

George Grant MacCurdy (8) seems to make the same assump- 
tions For instance, he describes m detail the patina paleolithic 
mdustnes as though it had some absolute value in dating particular 
groups of artifacts. 

Many wnters, even though perhaps more cautious than Wmchell, 
nevertheless consider the presence of patina indicative of great age 
Edgar Howard (7) has said that the term '^patina" should be used 
with discretion, but be regards the patma found on the Folsom 
points as evidence of at least moderate antiquity. Charles Avery 
Amsden (1) says that maamuch as patina is kno^ to occur slowly 
it 18 ther^ore of some value, although m a qualified sense 

Other American writers have exhibited a ocutam distrust of this 
use of the eonoept N. C Nelson (9) wntes that while patma is 
undoubtedly a valuable cntenon of age, it is difficult to deal with 
eSecUvdy because the prooesaes involv^ are not oimstant and so 
make emnparative studies next to impossible Malcolm J Rogers 
(10) believee tiiat variation in amount of patination may not be 
entirely due to agedifferenoes. 
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Many authors m the American field refer to the term m passing, 
but say nothmg defimte about it Even Kirk Brymi (4), a geologist, 
fails to discuss the significance of the patina he describes m one of 
his archeological reports 

It IS readily apparent that American archeologists, compared with 
certam Europeans, know very httle about the nature of patina Eor 
that reason we are bound to turn to Europe for the most deflmtive 
mvestigation of this subject The experiments of Hewitt (6) on 
chemical alteration demonstrate very well that patma should not 
be considered a entenon of antiquity Inasmuch as his work is by 
far the most comprehensive exammation of the chemistry of the 
subject, we are obhged to accept his conclusions in preference to 
the conjectures of other men In justice to the English and French 
archeologists m general, however, it should be stated that Hewitt's 
findings do not tend to contradict their opmions The chief cnticism 
must be leveled against Americans, who seem to have assumed, 
without foundation, that patina has proved fruitful as an age de- 
termmant m Europe 

Yet the fact that patina has httle value m ascertammg age does 
not mean that it has no use at all, as some archeologists appear to 
have concluded As menUoned before, the Abb4 Breuil (3) suggests 
a valuable application for patmation studies He is supported m 
this by Burkitt (5), who considers that differences m patmation oor- 
relatmg with typol<^al dissimilanty may be good supporting evi- 
dence that two separate mdustnes are represented, differences m 
patina may mdicate stratigraphical differences 

Anotiier possibility is suggested by Sollas (11) Should it be 
difficult to discern whether a gtVen stone is a bona fide artifact, pat- 
ma may in some mstances provide a due If all the chipped suiv 
faces were formed at the same time, as is true of a genuine implement, 
they should all be more or less equally patmated. If the surfaces 
were chipped at several widdy separated intervals, as may some- 
times happen when the chipping was done throu^ natural agencies, 
the surfaces may be unequally patmated. Patina m this situation 
cannot, of course, be coi^ered of absolute value, but it may be 
useful m specifio circumstances if mtdhgently emidoyed 

There is a third way m which consideration of surface change 
has proved fruitful A glossy finish occurring on the working edge 
of a tool may indicate that ^e tool was m use at one time That 
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abrasive action often results m just such a finish can easily be shown 
with a polishing wheel Sometimes an implement that has been 
hafted and then used may exhibit this gloss on the part of the stone 
where the handle was attached 

It cannot be too strongly emphasised that there is a special 
danger mvolved m the use of the term patina " It is a single word 
which designates many different kinds of surface change A con- 
siderable number of wnters have been guilty of employing “patma” 
as though it were a well-understood and precise concept The reader 
IS often unable to decide whether the term refers to a mechanically 
mduced gloss^ a “desert varnish/’ a corroded surface^ a stain of 
some sort, or ordinary weathering This word has such a wide in- 
defimte usage at present that it is especially necessary to determine 
]ust what kmd of surface change is being called “patina" in any 
particular instance 

A real and immediate need exists for comprehensive experimen- 
tal work on the subject of surface alteration of flint After more is 
known of the nature of such change, there is no apparent reason why 
patination studies should not be employed for a vanety of purposes 
It IS even possible that patma may in the future prove worth while, 
in combmation with other criteria, as an indication of age Until 
then, however, its presence should be interpreted only in the three 
ways previously mentioned 

ITnitxiisitt or Michigan 
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THE IMPERSONATION OF SAINTS 
AMONG THE PUEBLOS 

LESLIE A WHITE 

T he first white men who saw the Indian pueblos of the Bio 
Grande Valley m New Menoo wma Coronado and his followers 
m 1640 The first Spanish colony was founded m this region some 
sixty years later For many decades after the conquest there was 
much friction between the Pueblo Indians and then Spanish over- 
lords The clergy tried to stamp out the native religion and to 
convert the Indians to Chnstiamty The Indians resuted conversion 
and ching tenacmusly to their old ways In 1680 the great Pueblo 
revolt broke out All Spaniards were either killed or driven from 
, the country But, of course, they came back, and before the end of 
the seventeenth century the Pueblos of New Mexico had agam been 
subjugated. 

The Induuis now tried a new course It was dear that the 
Spaniard was there to stay, some way had to be found to hve with 
him With regard to telipon the natives devised a very satisfactory 
mode of adjustment On the one hand, th^ devdop^ hqsUy suc- 
cessful means of conceahng their rqjigious life frmn the Spaniards 
And, on the other hand, they accepted oertam dements of Chnsti- 
anity from the Spanish padres The temadcable thing about this 
arrangement was that the Indians did not befome Cathohcs, but 
elements of Catholicism became Indian That is to say, the natives, 
while appearing to accept Christianity, merdy took over certam of 
its concepts, bits of pamphetnaiia and ntual, and inconiorated them 
in their own religious system 

Catholic samts became Indian gods, as is indicated by the fact 
that they bdong to a deflute class of spmts m the native pantheon 
called mo^anvi.* The Pueblo Indians distinguish several lands of 
supernatural bemgs, such as hockmos, kopuhloiya, honoiyaxya, and 
mmpanpi To the native, the Cathohe udnts are dmidy maiyanyt, 

t <xui and othar aalivs tsms ia this aaiay are of the Kereeaii laagoage 
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along with 8uch aboriginal aupematurals aa Arrow Youth, Spider 
Grandmother, and Buazard Old Man 

Every pueblo in New Mexico haa a Cathohc piatron saint who is 
represented by an image m the local church, and his, or her, day is 
celebrated with a mass conducted, of course, by a Cathohc pnest, 
and with a native Indian dance under the direction of the Pueblo 
war pnest In addition to this, Catholic saints are frequently im- 
personated in ceremonies 

In spite of the fact that the impersonation of samts is a con- 
spicuous feature of some of the very few ceremonies which white 
people are penmtted to see, this subject has received remarkably 
little attention from ethnologists It is mentioned casually here and 
there m the literature,* but I know of no study devoted especially to 
it. And, so far as 1 Imow, only one illustration of an impersonation 
has been published * prior to the one here presented The distnbu- 
tion of this nte is not well known It occurs among all the Keresan 
pueblos and among some if not all of the Tewa villages Whether it 
IB found among the Tiwa and at Jemez 1 cannot say The Hopi 
Indians do not practice it, and it is probably absent at Zum In 
short, it seems to be found only m those pueblos which remained 
under Spanish control after 1680 It is a noteworthy fact that San- 
tiago IB impersonated by certam Aztec groups in Old Mexico much 
as he 18 m New Mexico * We are still far from havmg a complete 
or an adequate account of this interesting and important aspect of 
Pueblo ceremonialism 

The saint who is impersonated most frequently is Santiago 
San Qerommo, and perhaps others, are represented also One of 
the matyanyt saints who appear as characters in Puetdo eeremomes 
IS named Bdshaiyanyi The significance of this word is not known 
It appears to be of Indian ongm But, to all appearances, the im- 
personation of Bdshaiyanyi does not differ from that of samts with 
Spanish names Bdshaiyanyi seems to be but another example of 
the fusion of Cathoheism with the native religion 

Samts are always impersonated on horseback The horse is not 

* Cf White, liMtbe A , Th€ PuM> 9} Santo Ihmnffo, Memoir 48(1986), 
Am Anthropol Assn , pp 140-156, Goldfrenk, Bsther S , ThoSaeudand Cm- 
monuU Orpamioaon of CackUt, Memoir 88 (1027), Am Anthropol Awti., p 48. 

* White, op eit , fig 48, p 151 

* Starr, Frederick, **Kotee upon the Bthnograpby of Southern Meideo,” 
Ptoc DamipoHAcad of Natwal Semm, 0 70. 1001-08 
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Fio 1 The imperDonation of a saint at San Febpe Pueblo 

a real one, but a small imitation, made of wood, home hide, and 
cloth It 18 attached to, and encloses, the body of the impersonator, 
so that the illusion of horse-and-nder is created (Fig 1 ) ^ The saint’s 
costume vanea m details Sometimes he wears a crown, someUmes a 
hat, hiB face, below the eyes, may be covered with a kerchief, or it 

> I am indebted to a friend, who wiabee to remain anonymous, for the fine 
drawing m Figure 1 It represents one of the two saints witnessed by us at a 
war dance at San Felipe Pueblo an a Christmas day 
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may bo exposod He usually carries a sword m his right hand. In 
hiB left he customarily holds a cross or a bow and arrow The horse 
has a mane and tail of real horsehair, but he has no legs A long 
robe rather effectively conceals this lack, however, and gives the 
illusion of a caparisoned horse The moccasmed feet of the imper- 
sonator are fully exposed to view This absence of realism seems not 
to be an objection, however, but is perhaps desired, since the actor 
dances during the ceremony 

The ^'horses,” which arc of Indian manufacture, are kept m the 
pueblo year after year, each with its own special custodian They 
are, without doubt, thought of as animate, as possessmg a super- 
natural essence, like other sacred paraphernalia 

The impersonation of saints does not occur regularly at stated 
occasions, but only when someone, always a man, pledges himself 
to perform this ntual If a man, or a close relative, has been having 
much sickness or ^'bad luck,’’ he may pledge himself to impersonate 
one of the saints in the hope and expectation that, as a conaequonoe, 
he will receive tanyty le beneficent supernatural power Such a 
person need not make public the reasons for his vow, but must at 
once notify the war pnest of his decision From that time on the 
matter becomes a public, communal affair, under the direction and 
control of the war pnest 

Considerable tunc and preparation are required for the coming 
event The impersonator-to-be must outfit himself completely with 
new clothes He must secure, from its custodian, permission to use 
one of the horses He must practic?e wearing the horse costume and 
dancing m it In some instances, at Acoma, for example, he must 
make a grand tour of many pueblos, collecting at each one seeds of 
vanous kmds and bits of dung of domestic animals, these will be 
distnbuted during the ceremony 

The occasions upon which the matyanyi saints appear are San- 
tiago’s day (July 25), the day of the patron saint of the pueblo con- 
cerned, at Chnstmas, and possibly at other times The ceremony 
itself vanes with the occasion and from pueblo to pueblo Sometimes 
one or more samts may come out on Santiago’s day. When t-bw 
occurs, the ceremony of impersonation is the prmcipal event of the 
day, although it may be followed by a poOa, or ^'rooster pull” 
Sometiines the saints take part m the oeremomes held m honor of 
the pueblo’s patron somt At Santo Domingo two samte appear as 
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characters m the Sandaro drama At San Felipe at Christmas I 
once saw two in connection with an Opt, or wamors’, dance 

At Santa Ana, Santia|;o and Bdshaiyanyi occasionally come out 
on Santiago’s day In the morning the men who are to impersonate 
these saints go to the house of the saenstan (an Indian) where their 
horses have been kept durmg the period of preparation and re- 
hearsal They don their costumes, mount” their horses When 
they go out Santiago and B6shaiyanyi are accompanied by the 
sacristan and his f entente, Masewi and Oyoyewi, the two war priests, 
by a tcapiyo, a masked man with a whip who keeps spectators from 
commg too close to the saints, and by the kahera^ an official m 
ceremonies of Spanish derivation who beats a drum of European 
type 

The saints and their attendants proceed to the Catholic church 
Santiago and Bdshaiyan}! nde their horses into the church, where 
they attend a Cathohe prayer service conducted m Spanish by the 
sacristan Most of the men and older boys of the pueblo also attend 
the service They arrive at the church on horseback, on real horses, 
dismount, and enter 

When the service is over everyone goes outside, and a procession 
IS formed The dapop (governor} and his ienienle are m the lead 
Then come the war priests, followed by Santiago and B6Bhaiyanyi, 
nding abreast The saenstan walks on the outside of one of Idle 
saints, hiB lieutenant on the outside of the other The tcapiyo walks 
behind, or alongside, the saints with his big whip to see that no one 
approaches too close to them The kaheray too, walks near the saints, 
beating his drum The fiseale mayor and his lieutenant, Indian offi- 
cials connected with the Cathoho church of the pueUo, come next 
Men and boys, on horseback, bring up the rear, inng guns into the air 
at intervals The church bells are rung contmuously by the fiacak^a 
assistants dunng the procession through the pueblo 

Santiago and B6shaiyanyi and their entourage go to the big 
horse corral on the nortii side of the pueUo The men and boys 
in the party dismount and put their horses m the corral Then 
Santiago md Bdshaiyanyi, accompanied by the saenstan and his 
assistant, enter it Each samt hands his sword to his saenstan 
attendant and receives an aspergillum in return Santiago and 
Bdshaiyanyi now nde about among the horses spnnkling them with 
holy water, dipping their brushes m bowls held by the saenstans 
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When all the horses have been sprinkled, the men and boys 
again mount, the procession reforms, and, taking a circuitous route 
about the pueblo, goes eventually to the plaza Here Santiago and 
B6aliaiyanyi again sprinkle the horses and people Then they dance 
to several songs, after wluch the saints, again in procession, return 
to the church for a second prayer service This concludes the 
ceremony Santiago and B68haiyanyi return to the saenstan’s 
house, where they “dismount” and remove their costumes 

Santiago and B6sha]yany] occasionally assist m the ceremony 
held m honoi of the patron saint at Santa Ana They enter the* 
church at the conclusion of the mass * and take their place in the pro- 
cession which IS to conduct the image of Saint Anne from the church 
to the plaza They dance as the procession winds its way through 
the pueblo People come up to them, spnukle samts and their horses 
with peiana (“sacred meal”), rub their hands upon the horses, or 
try to pluck hairs from their manes or tails This is to obtain tanyi 
(“beneficent supernatural power”) fi*om them Money, kerchiefs, 
and other small gifts are thrown to the samts by the spectators 
They are picked up by the attending iraptyo and given to the actors 
at ihe conclusion of the ceremony After the imagi* has been de- 
posited m the house built for it in the plaza Santiago and B6shai- 
yanyi go to the corrals on the outskirts of the pueblo, where they 
ride among the horses gathered there for this occasion, sprinkling 
them with holy water 

The men who impersonate the saints do not keep the gifts which 
are thrown to them dunng the ceremony They are obliged to take 
them out into the hills, together with the new clothes Here they 
deposit them, presumably at a shrme, as a sat^nfiec or on offermg to 
the maiyanyt saints 

The coremomes and rituals of impersonation at other pueblos vAry 
in details But so far as our data go, the essential features are the 
same 

Univsrbitt of Michigan 

• The Cathoho pnerts, sennng the pagBH character of these '^sainte/' have 
occasionally tned to exclude them from the church and from the prooesmon to 
the plasa 
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THE DEVELOPMENT OF COAL MINING IN 
FRANCE, 181&-i8 

ARTHUR I. DUNHAM 

T he development of coal mining in France was of httle importanoe 
before 1815, partly because the necessary means of transporta- 
tion were not available and partly because there was little demand 
for it by either mdustnal or domestic consumers The use of coid m 
smeltmg and refining iron had not begun, for the country had been 
able to obtain a fairly adequate supply of iron goods throu^ importa- 
tion and still more throu^ manufacture with wood, which was avail- 
able in reasonably sufficient quantities Furthermore, most of the coal 
deposits were too small or inaccessible to be important, and the ma- 
jority were on or near the borders of the Massif Central 

Ihe great basin of coal m the Department of Nord, a contmuation 
of the deposits of the Ruhr and of Belgium, is tiie only important 
one not m central or southern i'rance In production it ranked next 
to the basm of the Loire Yet it was diflUcuIt to mine because the 
coal was generally far below the surface, indeed, what is now the 
richest part of that coal field, the basm of Pas-de-Calais, was dis- 
covered only at the end of the penod 1815-48, because as the veins of 
coal contmued westward they sank ever deeper and then suddenly 
turned sharply northward toward the English channd The part 
of this great northern coal field which was mined effectively in the 
earlier nineteenth century was the northeastern portion m the 
Department of Nord, known as the basm (rf Valenciennes 

Much of the coal available m France between 1815 and 1848 was 
thus m billy or mountamous districts m the central part of the country 
or m the south. Almost aU of it was far fraa any useful deposits of 
iron, or, if not far away m actual distance, was so in ^eet because 
of the lack of cheap means of tranapmrtation None ot the French 
coal mines was dose to a really good sei^iort and few were near the 
sea. The most productive basb of our penod, the Lure, was between 
two of the greatest Freneh nvers, but they were difficult and cosily 

m 
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to uue, because the Loire was full of rooks m its upper reaches and of 
sand bars m its middle course, and the flow of water was irregular, 
whereas the Rhone had an unusually strong current and ran to the 
south, away from the most important markets Artificial waterways 
were much used m France and were greatly developed under the 
Restoration and July Monarchy, but they were usually narrow and 
sliallow m the central part of the country and scarcely existed in the 
south The cost of adapting them to large shipments of coal would 
have been enormous Only m the north were the nvers and canals 
formed into a system of waterways that could carry great quantities 
of coal economically, and there the only supply within the country 
was the basin of Valenciennes The deposits of coal in France were 
thus so placed that they did not make easy or economical its use in 
manufactunng Northern France alone had its own supply, yet that 
was too frequently expensive because waterways could not reach all 
the many mdustrial centers and the c^ost of caiting was almost pro- 
hibitive 

It IS not surpiismg to find that m 1815 the production of coal 
m France was only 882,000 tons, importations, 240,000 tons, and 
consumption, 1,112,000 tons But in 1847 consumption had grown 
to 7,000,000 tons, production to 5,000,000, and importations to 
2,000,000 ^ In general the nsc in the use of coal corresponded to 
the mdustnal development of France, especially to that of the iron 
industry, and was promoted also by the improvement of transporta- 
tion and the marked reduction in the duties on importations of coal 
in 1836 Because of all these factors the demand for coal became so 
great under the July Monarchy that not only were there no serious 
complaints against the use of foreign coal, whose rate of increase was 
considerably greater than that of domestic production, but the con- 
sumption of coal did not decrease appreciably even during industrial 
deproBSionH, as did that of most other commodities, except dunng the 
economic crisis that accompanied the Revolution of 1848 

France produced numerous vaneties of coal m the penod 1815- 
48, this has been emphasised by a number of French wnters, but m 
practice it was not a fact of great importance, because the only h twi ns 
that were able to ship coal for long distances were those of the Loire, 
Sa6ne-et-Loire, and Valenciennes Inadequate means of transporta- 

' Slmiand, Franoou, ''EwuBurle pnxdechsrboasu XlXen^en France/’ 
Annie eeeiolegtgue, 1000-1901, pp 17, 2$ 
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tion and high pnces to the ooneumcr were nearly always derisive 
Most mines were compelled to sell to local markets exclusively, and 
the concentration of industry on a large scale would have been pre- 
vented by these factors, had the tendency to it existed m any markesd 
degree 

The cost of mming m the really important French basins averaged 
considerably higher than in England and about the some as m Bel- 
gium, for, although costa m the basin of St fitionne in the Loire and 
Blanzy m the Sa6ne-et-Loire were about the same as in the basin of 
Newcastle and less than m Lancashire, they were much higher in the 
basin of Valenciennes than m the more expensive of the two great 
basins of England Costs in Franco were raised by the irregularity 
in both slope and direction of veins in nearly all mines, by frequent 
breaks m the deposits, by great masses of subterranean water in the 
basin of Valenciennes, and, until 1835 or even 1840, by the small 
scale of operations of all French compames except the Anziu This 
made mining difficult as soon as the veins near the surface had lie- 
come exhausted, it was fortunate that the French had excellent 
schools, which tramed their mming engineers well Finally, the cost 
and the difficulty of mming in France were mcreased by the ease with 
which the coal was broken up or pulverised It ha« been estimated 
that 75 per cent of English coal was mmed m large pieces, and only 
45 per cent of French coal ^ This meant that French coal was more 
difficult to sell and was much harder to ship for long distances without 
considerable loss It helps to explain also the frequent complamts 
of bad sorting of coal, which were made even against the great com- 
pany of Anzin 

The slow growth m the demand combmed v^th the difficulties of 
mining helps to explam also the groat delays m the full exploration 
of the basins Where strip mmmg was possible, as it still was at the 
begmmng of this penod in most French basins, no exploration seemed 
necessary and eqmpment could be of ^e simplest In the basm of 
Valenciennes, however, good equipment was required at a very early 
date, and it u natural to find that the Anztn companyv which is said 
to have mined a quarter of all the coal produced m France from 1815 
to 1848, and which certainly was the most important mining com- 
pany, was the leader in improving pumps and extracting machines 
The mines of central or southern France were usually much less 

* Burst, AiuSd^ Is AToMnsl du koufUkm m Franm ti m Bglgtfue, p 7 
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progressive, sometimes because the equipment really was not needed 
and sometimes because there were too many small companies, each 
with inadequate resources and all eager to compete rather than to 
oodperate Toward the end of our penod many of the local differ- 
ences m equipment were removed and many of the mmes of the center 
and the south were as well equipped as those of the north, but m the 
Loire basm, at least, this did not happen until most of the small 
companies had also been removed 

In nearly every basin m France exploration was pushed very 
slowly mdeed until after the depression of 1827-32, then it in- 
creased with ever greater mtensity until the Revolution of 1848 It 
IS only after 1832, therefore, that much progress was made m or- 
gamsmg large mining companies capable of installing really good 
equipment and of thinking beyond immediate profits to the greater 
nches obtainable by scientific study of the full extent and resources 
of each basm The rate of progress of coal immng in France was thus 
closely connected with the rate of growth of busmess and mdustry 
m general and with that of the Industrial Revolution 

A closer study of the cost of carrying coal shows that transporta- 
tion was the most serious problem of all and served more than any 
other factor to keep up the price and restrict the consumption At 
the begmmng of the penod 1816-48 most of the coal was consumed 
locally, and manufactunng centers or large cities that were not near 
coal mmes used it very little From the pomt of view of tiie coal 
merchant, France was divided into noncompetmg regions by the 
expense and slowness of transportation And a few notable excep- 
tions should not blind us to the fact that this viewpomt was sub- 
stantially correct No coal basm could then play a part on the 
national stage unless it was virtually on the banks of a waterway or 
connected with one by a railroad We must, therefore, admit that, 
although French writers describe a great many coal barins m France, 
only about three were of any reed importance m the industrial 
development of the coimtry between 1815 and 1848 That Uieie 
were few markets avadable for most coal and that, m general, 
httle competition was possible were powerful deterrents to the 
growth m aise of mining companies and to the enlargement of their 
operations to the point where the best methods and equipment could 
be used 

The three basins that had a really vital rdle in the industnat 
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development of France as a whole were the Loire, Valenciennes, or 
the Nord, and Blansy, or the basm of Sa6ne-et-Loire, which mcludes 
the CrouBot The Loire was the most productive throughout the 
period 1816-48, and, as we have seen, much of its coal was good 
for smelting and forgmg It was, therefore, the most important 
basm qualitatively as well as quantitatively Yet its situation raised 
difficult problems m an age of waterways The average price of coal 
from the Loire basin was frs 6 80 per ton at the mine and frs 19 40, 
on the average, at the place of consumption,* so that two thirds of the 
amount paid by the consumer was for transportation Even so, the 
coal was in such demand that it traveled farther than that of any 
other basm m France 

The basm of Valenciennes had deep shafts and subterranean 
lakes that made the extraction of coal expensive, but it was well 
placed m northern France, where industry was developed far more 
than m central or southern France and where there were more im- 
portant cities It was within reach of Normandy and Picardy, both 
of which had many large textile centers, as had the departments of 
Nord and Pa»4e4])alais, and it was little more than half as far from 
Paris as was the basm of the Loire The nvers and canals of northern 
France were better and had fewer locks than those of central France, 
m addition, more was done to improve them between 1815 and 1847 
The modermsation of the canal of St Quentm m 1828 and the ca- 
nahsation of the lower Oise m 1835 were of decisive importance 
Such improvements in transportation were almost wholly respon- 
nble for the decrease m the pnee of coal at Pans between 1835 and 
1851 from frs 37 per ton to frs 25 * 

It 18 interesting to recall also that the average barge m northern 
France or Belgium earned twice as much as Ihe barge of central 
France because the waterways were deeper and wider The part of 
the price paid for transportation by the consumer of the coal of the 
baun of Videnciennes was only 34 per cent,* tlie lowest of any French 
basin that shipped coal to distant centers Hus was only half the 
rdative cost ot transportation of coal from the Loire basm The 
advantage of the basin of Valenciennes in faoihty of transportation 

* /eumol d0 PMiulnd ti du eopOalMto, Vol 0 (August, 1840) Based on 
CompU rmiu dts tiigiMturM d$$ mfym pour famiie 18S9 

* Burst; L» Commorm do$ fkatuttsi m Froaes, p dS 

> JoumcA do Viniuotnd ot du mpUahoto^ as died in note 8 
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and m favorable location with regard to important markets resulted 
m a steady growth of its mfluence m Pans Its sales there mcre^ased 
rapidly after 1830, whereas those of coal from the Loire remained 
stationary, in fact, its chief nval in the French capital came to be 
Mens rather than St Sltienne 

The cost of transpiortation, as has been said, was the most im- 
portant factor in determining the price of coal to the consumer In 
many mstanecs under the Restoration it raised the pnee to eight or 
ten times what it was at the tmne, and in many others it prevented 
the use of coal altogether This cost decreased markedly under the 
July Monarch\, chiefly through the improvement of highways and 
the construction of local tailroods, such as those serving the mines of 
the Ix>ire and f^ptnac The Nord was the onlv mam line completed 
before 1848 that could have had any appreciable effect on the coal 
industry The conclusion seems justified that often the price at 
the place of consumption shrank from eight or ten times the price 
at the mine to double that pnoe, and that relatively few towns in 
France m 1848 were unable to obtain coal at all 

The tariff did not have an important influence on the price of coal 
if we consider France as a whole I'he only powerful coal-mming 
company capable of exerting great political influence was Ansm, and 
it received ample protection under the Art of 1816 The mimng 
companies of tlie Loire basm wanted even more protection than this 
Act provided, as did Anain, but they were not united and were not 
really threatened by coal from abroad Their actual enemy was the 
high cost of transportation on French waterways, for their most 
desirable markets were not the ports along the Atlantic coast or the 
Mediterranean, m which th^y could not compete with English coal 
under any save a prohibitive tariff, but Pans and other industnal 
and commercial centers where they met coal from other French 
basins, or from Mons, which did not come m quantities large enough 
or at pnees low enough to restnet the production of the basm of 
Valenciennes These facts were brought out at the en^tUte of 1832, 
called by tiie government m rejdy to repeated demanda from the 
northern manufacturera Thoufi^ the witnesses for the Anam 
company were able to show that the tariff was partly responsible for 
the veiy high prices it paid for pumps and other nmning equipment, 
the firm failed to prove that the prosperity of its mines was ever 
endangered by foreign competition, whether Belgian or Engbah, and 
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its opponents \rere able to demonstrate that the prioos and profits 
of Anzin were high 

It was inevitable that disputes should arise regarding the con- 
flicting rights of owners of the soil and of exploiters of the mineral 
wealth, which was usually some distance below the surface Further 
disputes arose when concessions were granted, since these had to be 
authorized by the government or its local representative, had to 
specify the rental to be paid to the owner of the soil if he were not 
also thv exploiter of the mine, and had to fix the boundaries of each 
concession It is quite clear that under the Restoration th(* govern- 
ment favored the landowners, upon whose support it depended and 
of whom, m great patt, it was composed, and it is also clear that the 
larger the landowner the more he was favored There is no clear 
evidence, however, of any well-defined governmental policy regarding 
manufacturing or commerce, because France uas then ovcrw^helm- 
agricultural We may question whether, if the government 
had wished to promote large enterprises, they could have been 
soundly capitalized under the Restoration Most of the nation dis- 
trusted not only large enterprises, but all business, preferring to hoard 
its money or invest it m real estate or government securities We 
know that large companies were few, and it is probable that pressure 
by the government, had it been exerted, could not have increased 
their number appreciably 

Under the First Empire the legal aspects of coal mining raised 
senouB questions in the basin of St £tienne and, to a lesser extent, 
in that of Eive-de-Gier, which was the lower part of the same basin 
of the Loire But, as we have seen, the economic aspects also were 
difficult and confusing In the district of St fitienne there was at 
first much strip mining at very low cost, and there were many small 
veins reachmg the surface The problem of the rights of landowners 
was, therefore, serious There appear to have been many landowners 
mvolved and also many exploiters, some a! whom liad evidently 
begun operations without the consent of those who owned the soil 
Under the Restoration, the government gave full ownership of 
mmes to the large landowners, but dispossessed small ones, after 
oompensatiODf and turned their mines over to the exploiters * The im- 

* Burst, D& la heuiUe, p 414, Anon, ** Notice eur lee ndnee de houille 
de t*srrondiMment de St fitmnne/^ JaumaH de Vtnduttnd et du oaptUdute, 

4(1888) 184; dSmetit, Ambroiee, "De Is conoentrstlon dee entrepriaee in- 
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portant factors m the situation at Bt £tienne wore thus the char- 
acter of the coal deposits and the administrative practices of the 
government officials involved The law was mterpreted, as the gov* 
emment desired, to sustam the big landowners, but the method of 
coal mining was not changed under the Ilestoration except through 
the beneficent influence of the flcole dee Mines at St £tienne, which 
helped the coal industry more than all the codes of Napoleon ^ 

With the advent of the July Monarchy in 1830 and the end in 
1832 of the depression of 1827 tlie <levelopment of coal mmmg in 
France became much more rapid Other causes, not always men- 
tioned, were probably of even greater importance, namely first, the 
ever-mcreasmg expansion of the iron industry, which now created a 
demand for coal so great that, as we shall see, the better coal-mimng 
companies went on growing throughout the next depression from 
1837 to 1842, and, secondly, the virtual end of strip mmmg with the 
exhaustion of the veins on the surface, so that hereafter shafts had 
to be sunk m almost all mines, better equipment had to be supplied, 
and capital had to be found to make possible exploitation on a more 
costly but more permanent basis 

Under the new circumstances it was obviously necessary to end 
the situation in the Loire basin, where a great number of small ex- 
ploiters were figlitmg each other m both the markets and the courts 
At Rive-dc-Gier, where there were relatively few concessionB because 
the shafts were already deep, the hatred between the companies was 
so great that they would not cofiperate to fight floods, and the 
government was obliged to intervene to save the mines We have 
here, therefore, a change m governmental policy, reflected to some 
extent m legislation, as m the Acts of 1837 and but still more, 
undoubtedly, in the administrative measures of local officials Simul- 
taneously came a marked change m the attitude of the financiers 
and the pubhc toward investment m coal mines Economic forces of 
considerable strength were working toward mtegration m coal min- 
ing in France In the Loire basin a ventable trust was organised 
through a sen es of purchases and combmations that extended from 

duHtriellee et sp^cialement dc la r^umon des oonoewioiu houiOSm du baadn de la 
Loin,'’ Journal du 18 (March, 1846) 887-856, especially p 844, 

Gras, Ijouu Joseph, HiOurt Utmom%quA gMrtds du minu de b lotre, I 254 

T See note 6 

» Journal du ehmtm defer, August 21, 1847, p 658, and August 28, 1847, 

p 660 
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1837 to 1845, when there emerged the powerful Compagnie g4n4rale 
des mmes de la Loire, which controlled a majority of the mines m the 
entire basm (mcluding all the best shafts) and at least two thirds of 
the production of coal It also acquired control of the Canal of 
Givors and of the railroad from St £!tienne to Lyons There is reason 
to bdieve that the government approved the formation of this trust 
— if it did not actually encourage it — even though it did not give 
it legal authorisation as a joint stock company with limited liability 

The Compagnie g4n4rale des mines de la Loire was orgamaed 
with a capital of frs 64,000,000, in shares of frs 1,000 each, and this 
was expected shortly to be increased to frs 100,000,000 * Although 
protests agamst it were made to the government by the cities of 
Lyons and St £tienne and by many interests which felt aggrieved, 
possibly because they had not been taken into the trust, there is 
every reason to believe that much more important interests supported 
the combination We know that durmg the formation of the trust, 
from 1837 through 1846, capitalists at Lyons were working for it m 
the basin of Rive«de-Gier, while others, chiefly from Pans, were or- 
ganiamg or buymg up the many small concessions m the basm of 8t 
Cltienne This division of financiers was to be expected, for the lower 
part of the Loire basm was a natural source oi supply for Lyons, 
while the upper part, being nearer the Loire, could more readily aencl 
its coal down that stream m the direction of the national capital 

In the north of France we have another example of mtegration 
m coal mmmg in the Annn company This was organised first be- 
tween 1717 and 1730, but failed «Then it passed mto other hands 
and went through a series of lawsuits, in the course of which the 
mterests of two of the great landowners mvolved, the Pnnce de Croy 
and the Marquis de Cemay, were sustained by the courts In 1757 
there was drawn up the partnership agreement which governed the 
ccMspany for many years Its most notable feature was the council 
of rix regents, which held all the power, was not obhged to call meet- 
ings of the Bhareholders, and was self-perpetuating. About the be- 
ginning of the nineteenth century the Anain company came under 
the control of the P4ner family, including Sapio, the banker, who 
died in 1821, and his brother Casimir, who died m 1832, as president 

* CUment, *'Noiiv«11m Observations sur le monopole des faouUles de la 
Loin,^’ /oumoi dw ANmomutos, 16 (Deo., 1846) 21*82, Gras, op eU, I 296* 
298,308 
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of the company and pnme minister of France ^ He was succeeded 
by Adolphe Thiers, much better known as a minister of Louis Philippe 
and as the first head of the Third Republic 

No organisation m France seems to have been so successful as 
Anzin in keeping its archives inviolate and its busincsB affairs from 
the knowledge of the public, but few have been directed throughout 
their history with more ability or more continued success From the 
beginning of the nineteenth century, if not earlier, land was bought 
for possible mming m the future and funds were set aside for a financial 
n'serve that enabled the Anzin firm to emerge from each depression 
unscathed 

The Anzin company was, furthermore, a leader in developing the 
use of steam for runnmg both pumps and extractmg maohmes and 
set a valuable example in promoting better methods of exploitation, 
but it seems also to have been energetic in keeping wages down and 
prices up, and was evidently strong enough to follow its own policy 
unhampered, for it has been described several times as quite in- 
different to the needs or wishes of consumers In the period after 
1832, when the development of coal mmmg increased so rapidly, the 
Anzin company was one of the most active m underselling and buy- 
ing up weak competitors But it was foremost m the search for new 
and richer veins of coal, by means of whose acquisition it began in 
1832 the development of what proved to be the most valuable of all 
its concessions, that of Denam, wluch, toward 1848, was becoming 
also a metallurgicai center of great importance The growth of the 
Anzin company is reflected in the value of its shares Under the 
Restoration each share mcreased in value from frs 22,000 to frs 
90,000, m 1836 a share was worth frs 160,000; and in 1843, frs 
200,000” 

Another company deserving of mention is that of Blauzy, which 
seems to have developed on a small scale and in complete obscurity 
in the basin of Sa6ne-et-Loire until 1834, when reorgamzation with 
new capital, followed by another reorganization m 1838, set it firmly 
on the road to prospenty Under the Law of 1838 the Blanzy 
company was able to eombme five different concessions, and the 

BuUehn de la SocM pent renetmragamefU da I WtuHe ntUumak, 1821, No. 
202 118, Tur^, Juhen FianvoM, Les OramlM XV 8 

Gahen, L^oa, “L'Enriohiisement de la Fraeoe sous la HasUuratton/’ 
ftevue modeme, 1080, p 186 
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government exempted it from the statutory requirement of operating 
them all simultaneously In spite of these improvements the Blanzy 
company remained puny by comparison with tiie great companies of 
Anzin and the Loire, but it seems to have had m its management men 
interested in promoting the selling of coal on sound commereial prin- 
ciples, and it may have been unique among the smaller companies m 
disposing of Its coal, not at the nearest river port, but through 
agencies at Chalons-bur-Sa6n6, with warehouses at Lyons and Mul- 
house and, shortly after 1848, with another agency at Pans Pro- 
fessor Am4d4e Burat, the eminent geologist of the middle of the 
nineteenth century, tells us, also, that the Blanzy company was able 
to double its circulating capital, presumably through the reorgamza- 
tions of 1834 and 1838, and that it was the only coal-minmg company 
besides Anzm that met all its financial obligations in the Bt^volu- 
tionary year of 1848 

During the penod from 1815 to 1848 tlie coal-minmg mdustry of 
France passed through the pioneer stage At the beginning, the 
greatest basin of all, the Pas-de-Calais, had not been discovered and 
virtually none of the other basins had been fully explored Strip 
mining was prevalent, and coal was sorted careJessly and frequently 
crumbled so much that it depreciated in value Anzm was almost 
the only company strongly organized, with an adequate supply of 
capital and reasonably good equipment Transportation was so 
madequate that most mines were wholly dependent on local markets, 
and many mdustnal and commercial centers were unable to obtain 
coal at all The me^onty of the mines w^re occupied with cutthroat 
competition and lawsuits, and the demand for coal was so small 
that even the government seems hardly to have realized the im- 
portance of the mdustry * 

In 1848 the exploration of the basm of Pas-de-Calais was be- 
ginning, and the full resources of most other basins were known 
Nearly all mines had shafts and adequate equipment Cutthroat 
competition had been ended throu|^ governmental pressure and 
financial reorganization with considerable supplies of capital The 
more important mines had been connected with waterways by short 
railroads, the waterways and even the highways having been im- 
proved until tmarly aU important centers were able to obtain coal at 
reasonable cost Fmally, the immense growth of the iron industry 
had created an almost indefinite demand for coal, and the beginnmg 
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of the construction of a network of mam railroad bnes was providmg 
the basis for unlimited expansion of coal mining in the future 

Univbbsitt or Migrigan 
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BRITISH MOTIVES FOR EXPANSION IN 1763, 
TERRITORY, COMMERCE, OR SECURITY? 

FRED J ERICSON 

T he terntonal acquisitions which Britain secured in the Peace of 
Pans in 1763 climaxed a successful phase of her colonial expan- 
sion But why did she choose undeveloped North American regions 
instead of the rich West Indian sugar islands'^ Many leading Anicn- 
can historians have accepted the conti^niion of George Ijouis Be<*r * 
that this choice repreaent^ed a ^Hurning-point in Bntish colonial 
policy/' from emphasis on colonies as sources of supplies t-o recog- 
nition of their potentialities as markets Some believe that the op- 
position of the entrenched British West Indian planters to new islands 
producing sugar decided the issue* Others think that the most 
important consideration iwas secuiity for the Bntish colomsts m 
North America* The question is of some significance because of 
its connection with the whole problem of the nature of British colonial 
policy m the 1760's 

Beer's commonly accepted theory undoubtedly represents an as- 
pect of the truth, for there was a pamphlet conflict in the early t760'8 
over the ideal nature of the British empire Any one explanation, 
however, tends to oversimplify a very complex group of motives * 
The controversy invcdved much more than conflicting opmions as 
to territorial and commercial values At least four factors were 
influential, the desire for security, the possibility of economic ad- 

* Bnfuh CoUmvd Poltcyf 1754--176S (New York, 1907), p 139, see also 
Alvord, C W , The Muetenppi Valley %n BrUteh PdtUee (Cleveland, 1916), 1 49 
• Htman, P W , The Development of the Brtheh West Indtee (New Haven, 
1917), pp 846, 851 

* Namier, L B , England tn the Age of the Amenean Revolution (London, 
1980), 1 821 

* Suoh writeie as Beer and Alvord do not Ignore the seeunty issue and the 
other faetors, but tlmy give them so little attention tlmt the impression results 
that they were subordmate features of pohey 
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vantages, the importance of territory per se, and political and diplo- 
matic pressures and propaganda In the single matter of economic 
advantage the West Indies probably had clear preference in the 
British mind Advocates of the islands also relied upon the British 
prejudice against too extensive an empire and the feat of colonial 
independence But the combination of other considerations — ^ some 
of slighter importance if taken alone — outweighed these arguments 
The far greater value of the North American continent as to vital 
security, its manifest possibilities for future expansion, and its com- 
mercial utility, though less immediate, combined to make its case 
the stronger one 

There is no lack of contemporary intimations that Britons were 
obsessed by the ''magnificent*' delusion of territorial aggrandize- 
ment and that the exponents of North American expansion had 
suggested a "system which if no[[t] contrary to our national 
benefit, is at least contrary to all our former Ideas of it " ^ Indeed, 
most attributes of what the modern world labels imperialism were 
present in the justifications offered for colonial growth, not even 
the idea of the “whiUi man’s burden" was entirely absent" The 
aspect of this "terntonalism" which has led some historians to con- 
trast it with mercantilism was its insistence on provision for future 
growth and ultimate profit Benjamm Franklm, an enthusiast for 
British expansion/ appealed to commercial appetites in urging the 
retention of Canada Writing to John Hughes on January 7, 1760, 
he said that the secunty argument was the more effective, but 
continued. "To this 1 add, that the Colonies would thrive and m- 
crease m a much greater Degree, and that a vast additional Demand 
would arise for British Manufactures, to supply so great an Extent 
of Indian Country, etc"* In the so-call^ "Canada pamphlet" 

* CBurke, William,] An Examinoiiim of the CommercuU PrtnciplM of the Late 
Neg<UuUton betioeen €h^ BrUain and France tn mdccim (liondon, 1762), 
pp 6-7, 14 

* The London and Westminster Dissenting muiisters addressed the JCing on 
June 15, 1763, they praised the tangible values of the new territories and added 
that th^ opened the **way for diffusing freedom and science, pohtioal order and 
Christian Imowledge, through those m^nsive regions, which are now sunk in 
superstition and barbarism, and for imparting, even to the most uncultivated 
of our species, the happiness of Bntons ** Newport Afsreurv, October 6, 1763 

* Bee Crane, V W , Ben^tntn Franklin^ Engltahntan and American (Balti- 
more, 1036), posnm 

* The Wrdinge of Bensamim Frankhn, ed A H Smyth (New York, 1006), 
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Franklin and his British friend Dr Richard Jackson developed thu 
same theme, a note of welcome was sounded for contmental colonies 
in the observation that “a man must know very little of the trade 
of the world, who does not know, that the greater part of it is earned 
on between countnes whose climates differ very little " • 

Less important wnters than Franklin echoed tliese contentums 
An author of 1762 approved of “ this immense Increase of a growing 
Empire, which already raises us to a Level with the most Mighty 
in Europe, and besides increasing our Commerce, supplies, by an 
incredible Increase of People, that only Defect, which confined us, 
as a State, to the third or fourth Place m the Scale of European 
Powers ” Another pamphleteer admitted that the sugar islands 
had "eminently the Advantage m respect to immediate Interest," 
but thought that continental acquisitions had the “distinguished 
Preference in regard to durable Power and remoter Profit . ” 
He found the souice of British power m the “human Hive” of North 
America and not m “the sultry Tropics ” *’ 

There were some visions of early settlement of the newly acquired 
lands One author recommended two or three colomes on the Ohio 
and Mississippi, he believed that the “present colomes would soon 
branch out mto those fertile countnes, and would supply them with 
settlers without any further dram from the mother country ” “ In 
1703 a pamphlet which extolled Bute, the retiring prune minister, 
employed the striking figure “seeds of infant nations" in referring 
to his reported plans to settle the new colonies 

Such theones of the future usefulness of colomes were m accord 
with the apologies for the peace m the parliamentary debates of 
1762 Shelburne, for example, spoke of mcreasod population and 
consequent employment for millions of Britons for “ages to come " 
The debaters also used terms of the new dualism of colonial utility, 

* Th§ /ntereat of Qrmi Bntain Conndortd^ mih Regard to Her CoUmieet and 
the AequuiUumB of Canada and Ouaddoupe (Ix)ndon, 1700), p 83 

w The Comparatwe Importance Our AequteUume from France %n Amertca 
• (London, 1762), pp 42 f • 

Refieciecne on Terme of Peace (London, 1763), pp 5, 30 
Befieeteone on the Domeelte Poheyf Proper to Be Obeerved on the Condutton 
of a Peace (London, 1762), p 78 

u The Appeal of Reaeon to the People of England^ on the Prewnt SiaU of 
Porto tn the Nation (London, 1763), p 21 

Temp«r]«y, H W V , in The Cambridge HteUny of the BrUteh Empire 
(New York, 1020), 1 506, oiling the Shelburne Papera, GLXV. 
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territory and subjects being an objective, as well as the ''mere ad- 
vantages of traffic ” 

Besides the idealistic justifications of expansion for future use 
exponents of North America cited more immediate considerations 
The continent was praised for its fur, fish, and timber and its real or 
imaginary silk, cotton, and giapes, as well as for its possibilities m 
the wav of food and plantation crops The immediate value of 
the sugar islands was deprecated in view of thc‘ lesser ultimate im- 
portance of their single commodity Finally, the fears that a greater 
America would mean a gi eater danger of independence were ridiculed 
Franklin's insistence that colonial expansion would mean increased 
dependence upon agriculture and the importation of British goods, 
and hence less danger of independence, is well known 

On the other hand, those w^ho favored West Indian acquisitions, 
the somewhat more conservative group, often expressed a different 
theory of colonial \alucs Both schools, however, appealed to much 
the same fundamental principle of a well-balanced empire The 
major difference was over which type of possession best satisfied mer- 
cantile qualifications 

The advocates of small valuable accretions appealed to the old 
British fear of overt'xpansion, and at times forced the adherents 
of wider growth to accept the defensive and to seek to prove the 
moderation of their demands'* The corollary of the distrust of 
territory per se was the belief that “Common Sense would dictate 
to us the Scheme of Acquisition wliere we wanted, not where we did 
not want “ '* Southern and West Indian colomes had been 
found conducive to a “perfect Colmy Trade^\^ they were in a dif- 
ferent climate, pixiduced plantation staples, and could not set up 
domestic manufactures Such colonies and the mother country were 
*• Parltamonlary History^ XV 1272 

Shelburne Papers m the William L Clements library, Ann Arbor, Michi- 
gan (hereafter referred to as " WLCL”)» XLIX Seh-SOC, Knox Papers (WLCL), 
IX fols 2-3 

The lt^€re9i of Qrmt BnUitn Consukred, etc, pp 24 ff 
An advocate m the early 1700's of vigorous Bntish control for the colonies 
thus argued that with proper regulations the enlargement of the empire would 
“still be an addition to the National Strength ” “A Short Disoourae on 
the Present State of the Colonies m America with Respect to ^e Interest ol 
Great Bntain" (m the Ayer Collection, Newberry library, Chicago, Dlinois, 
hereafter referred to as NL), [written before June, 1763], p 10 

[Burke,] An Ezarntnaium of the Commereidl Pnnetplee^ efc , p 36 
Ihd , p 24 
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said to be “mutually formed for eaf*h other ” Sugar was empha* 
sized as a commodity of special importance m British empire econ- 
omy, which would have an even greater value when Britain should 
regain the world market It was shown tliat Bntam’s sugar islands 
were suffering m competition with the newer and less exhausted 
French ones and that the Bntish planters were already leaving for 
the newly conquered islands Upon the whole, it was concluded 
that sugar and other West Indian products made up “ the most proper 
food for the commerce of Britain ” ** 

Another contention was that the West Indies were responsible 
for such value as the North American colonies possessed for Britain 
and that therefore they should be as nearly proportioned to each 
other as possible®^ There was now an opportumty to restore the 
“equilibnum“ between the two types of possessions,®* this would 
remove the “colour of necessity'' for the old illicit trade between 
North America and the French islands It was also urged that if 
secunty were a consideration attention be given to buttressing the 
secunty of the West Indies, where the French had the “real Su- 
periority ” And, in answer to the exponents of contmcntal acqui- 
sitions, it was asserti'd that the wastes, deserts, and inaccessible 
regions of North America would be valueless to the empire Should 
they become settled, they would necessanly be economically inde- 
pendent and thence, m time, politically independent also 

But would these thinkers enlarge British possessions m one favored 
area only and leave the North American colonies throttled? By no 

[Burke,] Rcmarka on the Letter Addre$s*d to Two Oreal Men In a Letter 
to the Author of That Piece (London, [1760]), pp 47 f 

** Sumitutnzed from the pamphlets by William Burke and the ''Copy of a 
Letter from a Gentleman m Guadaloupe to His Fnend m Ixindon August, 
1760 in [Almon, John,] Anecdotee of the lAfe of Oie Right HonourahU Wdluim 
PiUf Earl of Chatkam (London, 1762), IV 154-160, 

[Maudit, Israel,] Oeeaewnal Thoughle on the Preeent German War 
(London, 1761), p 3 

** **Copy of a Letter from a Gentleman m Guadaloupe,’’ m Almon, op eit , 
p 167 

•» A Letter to a Great M r, on the Proepmi of a Peace (London, 
1761), pp 81 f 

** Canduf and Impartial Conetderatione on the Nature of the Sugar Trade 
(London, 1763), p 221 

^ [Burke,] Remarke on the Letter Address’d to Two Great Men, eie , p 28 
** The most mteresting and specific of many prophecies of Ameneon independ- 
ence was contained m the pampUet The Jntereei of Groat BrUatn in the Approach^ 
ing Congreet Considered . (London, 1761), pp 36-44 
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moans, they answered Canada was not part of Britain's war aims 
and could well be given up William Burke said that Bntam should 
accept her real boundaries as regards Canada, fortify the passes, 
and insist upon the Ohio country and possibly tho lands to the Mis- 
sissippi This would give ample room for expansion and for the 
fur trade and provide Britain with “every thing either of Strength 
or Value in North Amertca " ^ In tho light of the part expansion 
may have played in causmg the paramount event of 1776 this “ra- 
tional” program now reads like the soundest policy which Britain 
cxiuld have adopted She followed the advice of tho spokesmen for 
expansion, however, and the empire became, as William L Grant 
says, “long on the products of farm and forest, and short on sugar ” 
The undoubted existence of such mutually opposed arguments 
as have been recited would seem to indicate the separation of British 
opimon into two well-defined schools of thought But there are con- 
siderations which qualify such a conclusion For one thing, there 
was a great deal of ignorance about the American conquests If 
the King could get the Mississippi confused with the Ganges bound- 
ary, if Newcastle could refrain fiom correcting him — not from 
deference, but because, as he said, he was “far from knowing exactly 
the state and limits of those countries” — the ignorance of others 
IS not surprising So, the less desirable such a territory as Flonda 
appeared to be, the more profuse became the cotton, silk, wine, 
mdigo, hemp, and flax with which the desert would soon blossom 
forth Perhaps more significant is the fact that most of the leaders 
of pubhc opinion changed from side to side on the issue of the policy 
of expansion ” Furthermore, neither of the positions as to commerce 
or territory was as important as another consideration upon which 
statesmen mamtamod a greater degree of consistency. This was 
the factor of secunty. 

** An Examinatum cf the Commereiel Pnnctpke, etc , p 71 
^ Canada versus Guadeloupe, an Episode of the Seven Years’ War,” 
Ammean HuUmeal RmeWt 17 (1011-12) 742 

“ Yorke, P C , The Life and Correepondenee of Phthp Yorfce, Earl ofSardmeke 
(Cambndge, 1013), III 414, oitmg KewcasUe Papers, 257, fol 145, New- 
castle’s account of a talk with the King For stones of the self-confessed igno- 
rance of ministers and tho Board of Trade see Knox Papers (WLCL), X fol. 85, 
Shelburne Papers (WLCL), XLDC . 350 

** For exunplee of prominent statesmen taking a positioii opposite their 
usual one see Parhamenlary HteUny, XV 1205 1 (Pitt); Correepandmee nf Jekn, 
v'ourth Duke of Bedard , ed Lord John Russ^ (London, 18M), III 82 (Bute) 
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The wish for security has not been entirely overlooked by his- 
torians, but it has been relegated by most of them to a subordinate 
position Pamphlets and other sources alike show that it was usually 
given distinct, and pnor, consideration by writers of both schools and 
that moat statesmen treated it as the vital factor in the final decision 
Two major types of security were desired colonial security 
against French and Indian troubles and British security against the 
necessity of diverting forces from European fronts to extensive sec- 
ondary battle areas in the New World These desires were not 
caused by imagmary dangers. Despite its victory, Britain could 
well be alarmed at its paradoxical position m world affairs Two 
old enemies, France and Spam, had recently proved their unity by 
cximnion action One old friend, Austria, was now a defeated enemy, 
and a recent ally, Prussia, was a much disgruntled neighbor, thanks 
to the futile diplomacy of Bute British isolation during the Ameri- 
can Revolution was soon to testify to the soundness of the desire 
for secunty against repetitions of costly wars along a colonial frontier 
The wish for the conquest and retention of Canada arose because 
of the conviction tliat such an accession would procure safety from 
French and Indian attacks" The New England preachers who 
exulted over victories in Canada almost invariably placed the pros- 
pect of peace in the first place”" among the advantages to be 
gained by its conquest The same point of view was expressed by 
British and American pamphleteers who favored North American 
acquisitions 

One of the first British pamphlets in the war of ideas on the 
coming peace settlement was that of John Douglas, Bishop of Salis- 
bury, which first appeared m 1759 Why did he msist on the North 
American conquests being retained as the qua non of the 

Peace”? " His whole argument was based on the secunty factor, 

** In 1756 Governor Shirley wrote Henry Fox that, in the bght of experience, 
"the leaat expensive, most effectual and most practicable Measure for cutting 
Short these Mischiefs [from French and Indians3 would be to take Canada 
Itself, and keep tt " "Letter to Henry Fox, Janfiaiy 24, 1756" (in the Ajrer 
CoIlectioB, NL) 

Mayhew, Jonathan, Ttvo DtacourBee Delwered October Sdth 1750 
(Boston, 1759), p 43 Sm also Foxcraft, Thomas, A Bermm Preached in the 
Old Church tn BoeUm October 9, 1760 (Boston, 1760), p 30 

** [Douglas, John, 3 A Letter Addreeeed to Two Oreat Men, on the Proepect of 
PeaeSj and on the Terme Neeeseary to Be Ineuted upon xn the Negohaium (2d issue 
of lai ed ; London, 1760), pp 83 f 
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to the specific exclusion of economic advantages from Canada itaelf 
Britain must do more than hold the places upon which the French 
had encroached smce Utrecht, else the colonists would say “you 
have done Nothing In a Word, you must keep Canada, otiierwise 
you lay the Foundation of another War '' •* But as to the value 
of Canada, its climate and poor trade had made the French “tired” 
of it, that such a tcrntory — “not worth” the asking to the French 
— was of worth to Britain was bai^, for Douglas, simply on the 
necessity of avoiding the “Repetition of former Encroachments ” *' 
To be sure, Douglas wrote warmly of the “mfimte Consequence” 
of America and its expanding trade to Bntam, but this referred to 
the colonial areas which were now to be safeguarded 

The pamphlet best known for its advocacy of the acquirement 
of Canada is the “Canada pamphlet” of Franklin and Jackson 
The theory that continental acquisitions would provide for expan- 
sion of population, settlement, and British trade is frequently cited 
as its pnncipal contribution It should not be overlooked, however, 
that the first major element in the pamphlet was a discussion of 
“security” and that this was followed by the economic argument 
and the refutation of the fears of colonial independence ** Statement 
of the types of security needed — agamst French dispossession of 
the colonies, against the Indians, and against the expenses of future 
wars — IS followed by the conclusion “ all the kinds of se- 
curity we have mention'd arc obtain’d by subduing and retaming 
Canada ” 

Many of the other pamphlets on the subject also stressed this 
aspect One which Alvord believes may have been writtmi from 
William Pitt’s notes by his undersecretary Wood took no issue with 
those who were “so thankful” for Uie capture of Montreal, but said 
that if Montreal were judged by what it would produce it would 
be a “tnflmg acquisition ” A writer who admitted that there was 
“no doubt but Quadaloupe is of more Consequence in a commercial 
View than Canada” insisted that Britmn should give up uiy other 

** [Doui^, John,] op eti , pp 2S f 
•'/M.,pp80f •/bMl,pM 

* Th» ef Oriat Bntam Conndtrei, tie , pp 4-16 

« JM,p 14 
« Alvord, ep eU„ 11 260 

« SeatoM tn Support of the War m Oermang, tn Atuuer to Comideratwiu on 
the Prrnnt Otrman war (London, 1T61), p 46 
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conquest rather than “part with one Bin(^e foot of Canada." He 
explained 

In my Reasons for it 1 differ, however, from those who affect to esteem it im- 
portant, on account either of its Trade, the Number of Inhabitants, or the 
Fertility of its Soil, the principal Objection that appears to me, against giving 
up any Part of Canada in the Danger wo thereby run of giving Occasion, in a few 
Years, for another War 

The importance of the fierurity objective ib also Been in a pamphlet, 
possibly by Israel Maudit, which criticized the conduct of the war 
and observed the general opinion, and I believe a very just 

one, was, that this war was in effect to put an end to all war, by a 
general eradication of the French power in America ” ^ 

Those who proposed Eastern Louisiana as a desirable area to be 
insisted upon m addition to or in preference to Canada linked the 
security factor with the contention that Louisiana was the more 
valuable field for expansion One writer claimed that it was “forty 
times” as useful as Canada, unless the Mississippi were the new 
boundary, he contended, Britain would lose the “end” of the war, 
Hccurtiy of our coiontes”" Another pamphleteer said that 
Louisiana was far more necessary than Canada both for its value 
and for colonial security, by its retention Britain would get “the 
most desirable security, without being incumbered with the cold, 
barren, uncomfortable, and uninviting country of Canada ” ^ 

Proposals for early settlements m the newly acquired territories 
were frequently associated with the security motive As early as 
1759 a pamphlet addressed to Pitt advised the establishment of forts 

** A Letter to the People of EngUmd^ on the Neceenly of PtUhng an Immedtaie 
End to the War (London, 1700), p 47 For the same opinion see <7on- 
etderations on Uie Approaching Peace (London, 1762), pp 20-24 

« The Plain Reaeoner or. Farther Conetderaitone on the Oerman War (laondon, 
1761), p 21 Another writer thought that Canada was useful to France only 
for the means to attack the British, and therefore, he said, this View, altho’ 
It should yield no more than the pitiful Import which the Author CWilliam Burke] 
brings to its Account the Rirchase was well made, at the Bxpenoe of much 
Blood and immense Treasure ” The Comparaitve Impoiiainee of Our Ae^iaitione, 
etc, p 25 See also An Answer to the Letter to Two Great Men (London, 1760), 
p 15 

** Sentiments Belaitng to the Late Megottation (London, 1761), pp 4 f , 0 
^ A Letter to a Great M r, etc, p 7S Again it was proposed to retain 
the Mississippi boundaiy and mtirely out off all occasion of dispute in America.” 
The Proper oUgsetqf the Present War with France and Spam Considered (Lon- 

don, 1762), p 50 See also Reffleetions on the Domestic Poheg, etc, p 71 
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and settlements between the mountains and the mouth of the Ohio, 
the settlements, it was said, might be gradually carried on between 
the Mississipfu and the AUigany mountains, backwards and forwards 
at the same time ” In 1761 an advocate of the LfOUisiana acquisi- 
tion said that by settling the British side of the Mismssippi it could 
be made impossible for the French to encroach without openly in- 
vading ” ^ And a pamphlet of 1763 combined security and coloniza- 
tion m its title The Expediency of Securing Our American Coloniee 
by Settling the Country Ad^ining the River Mieeieeippiy and the Coun- 
try upon the Ohio, Considered 

Those who opposed the emphasus placed upon North American 
accessions testified that the argument for security was the chief one 
to be refuted William Burke said in 1762 that he did not know a 
pro-Canada writer who ^'has made a single direct assertion in Favour 
of the commercial Advantages of Canada ” Rather such writers 
had told of the economic values of the American colonies and had 
skillfully left it to the reader to conclude that Noith America and 
Canada were synonymous" Burke challenged anyone to prove 
''that our Colonies could not have had a rational Security, without 
the Possession of all Canada ’’ His own proposal for expansion 
in the Ohio country was said to pro\ide for "at least double” the 
former degree of security “ When he took up the consideration of 
the "causes” for overlooking the advantages of the West Indies, 
Burke gave many pages to the security aspect He remarked that 
some who had been enemies of the American colonies had liecome 
great advocates for their security, and continued 

Thu very groundless Opinion [of the need for colonial security] was the true 
Source of our Neglect in the late Negotiation, of such real, commercial Advan- 
tages, as might augment the Resources of Omni BnUnn And from hence pro- 
ceeded that utter Oblivion of all former Maxims of our Policy, whilst, under the 
Name of Security, we sought with Eagerness extensive and unprofitable Empire, 
and rejected moderate but lucrative Acquisition ■* 

It Will thus be seen that to the evidence for the weight of the 
security issue which comes from the advocates of wide contmental 
expansion is added the confirmations of their opponents The latter 

^ A LeUer to Me Right Honourable WUliam Pitt, Esq , from an Officer at 
Fort Frontenae (Loudon, 1759), p 28 

^ SmtimenU RdaUng to the Late HegotuUton, p 10 ^ Edmburgh, 1768 

" An Examinatum of Me Commeretof Prtnetpke, ete,pp 71 f 

» Ibtd., p 70 " Jhd , p 86 u Ibtd , p 69 
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admitted the importance of the matter m the Bntiah mmd, but 
sought to show that it was exaggerated into an unwise demand for 
all the available conquests m North America Even more significant 
proof that security was the decisive factor in Bntish pohcy is fur- 
nished by the mdications of the motives of the statesmen who made 
the final choice 

At the time that John Douglas’ initial pamphlet was creating dis- 
cussion m London Franklin was in England Writing to John Hughes 
on January 7, 1760, he told how some among our Great Men begin 
already to prepare the Minds of People” to give up Canada The 
arguments against Canada which he recited were those which were 
to become threadbare in the next three years But that Franklin 
did not await the Stamp Act to show his aptitude for persuasion of 
British opinion is shown by his next remarks 

These Notions I am every day and every where combating, and I think not 
without SucoesH The Event God only knows The Argument that seems to 
have principal Weight is, that, m Case of another War, if we keep Possession of 
Canada, the Nation will save two or three Millions a Year, now spent m defend- 
ing the American Colonies, and be so much the stronger in Europe, by tbe Addi- 
tion of the Troops now employ'd on that Bide of the Water To this 1 add 
[the argument of an increasing market m America for Bntish goodsj with many 
other Topics, which I urge occasionally, according to the Company 1 happen 
into, or the Persons 1 addmss And on the whole, I flatter myself that my tong 
here at this time may be of some service to the general Interest of America ** 

Bntmh statesmen frequently used reasoning similar to that of 
Franklin Pitt ofteii expressed his determination that the French 
must be ^totally removed” from the North American continent®* 
Just before the rupture with Spam the Earl of Bristol replied to 
Spanish upbraiding regardmg Bntish conquests by saying that his 
country was concerned only m freemg the American colonies from 
French encroachments and preventing ”a Repetition of such Chi- 
canes from the French^ as has caused the Beginmng of those Disturb- 
ances ” ®® Bute, who mbented the Pitt pro-Canada program, 
told Bedford on May 1, 1762, why he was insisting on the Mississippi 
boundary and sacrificing the principal sugar islands to ” secure in 
perpetuity our northern conquests from all future chicane ” ^ Most 

w Ths WrUungn pf Beruamtn FronJUm, IV 7 1 

** Hall, Hubi^, ^'Chatham’s Coloniai Policy,’* Ammoan Hulancal Revimff, 
6 (1890-1900) 070 fT ; Lotuion Chronide, Jauuafy 25-27, 1708 

Paper# EekUwe to Oke Rvptur$ toUh Spam , . (London, 1702), p 29 
Bute to Bedford, May 1, 1702, Corrupondence of . III 70 
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interesting was the position taken by the indecisive Newcastle He 
related that he had informed Pitt m December, 1760, that “Some 
were for retaining all Canada, as our Northern Colomes would 
never be quiet without it,” while others thought Guadeloupe “m 
reality more advantageous for us ” ** One of Newcastle’s advisers, 
who was using the same reasoning upon him, was the merchant Sir 
William Baker Namier quotes from the Newcastle "Memorandums 
for the King” of October 14, 1760 

Alderman Baker’s reasoning The keeping of Canada the most necessary 
for preserving the {leace, which cannot be done, whilst Canada and those parts 
are divided between two rival powers, Enidand and France, as the Indians will 
always be stirr’d up one against the other The keeping the others (sugar islands^] 
might be more beneficial m point of trade, but the otlier for the preservation 
of peace “ 

On the eve of the peace debates of 1762 Newcastle wrote Hardwicke 
“I still adhere to my old opmion that the evacuation of all Canada, 
possibly m the manner now done, was the first object, we ought 
to have in view, as that carries security with it for the future ” 
He criticized the restitution of the sugar islands to France, however, 
for that meant that there was to be no adequate return for the year 
of victorious warfare since 1761 ** Hardwicke, who was willing to 
consider restoring “almost any thing” except the fineries in order 
to keep the Caribbean islands, admitted that the prevention of fu> 
ture French encroachments was the “most materi^ argument” for 
Canada 

It was for such reasons as those given by Newcastle that the op- 
ponents of the peace in 1762 did not take the hne laid down for them 
by the temtory-versus-commerce paper warfare Instead of de- 
nouncing the American conquests tmd demanding their exchange 
for sugar islands they conceded the finality of the continental acquisi- 
tions and concentrated their attacks on the impotence of Bute’s 
mmistry m not securing something m the West Indies after a year 
of additional success The apologists for the peace placed due em- 
phasis upon the security consideration The part of the debate 

** Newcastle to Hardwicke, December 3, 1760, m Yorke, op ea,in 814, 
citing Newcastle Papers, 280, fol 288 

* Namier, op at ,1, 818, citing Add MSS, 32018, fol 128 
Newcastle to Hardwicke, November 20, 1702, in Yorke, op of , III * 487 f , 
citing Newcastle Papers, 200, fol, 106 

« Namier, op et( , I 324 f , citing Add MSS. 82086, fob 810-811 
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which 16 frequently cited as evidence for the theory of a shift to ter- 
ntonal impenahsm was really secondary to the declaration that 
'^the original object of the war was the secunty of our colonies upon 
the continent'' and that restriction of the French was “therefore the 
most capital advantage we can obtain^ and is worth purchasing by 
almost any concessions " ” 

The decisive priority given to the question of security — often 
in the very listing of arguments — by such men as Franklin, Pitt, 
Bute, Newcastle, by merchants like Baker, by the defenders of the 
peace in 1762, and by the pamphleteers seems convincing testimony 
that it was the issue which turned a losing policy into the winning 
one ^ As was so frequently said, the other conquests were of more 
value, but the continental terntories were judged necessary for the 
safety of the existing possessions Once the decision was reached, 
of 0001 * 86 , all possible Mgumenta were brought forward to justify 
the territory gained It was customary, for example, to combine the 
major factors in some such phrase as “the complex Account of 
Advantage and Secunty," or to speak of the “great Advantages 
of Commerce and Secunty " ^ 

Did the choice of 1760-63 represent a change from mercantile 
to terntonal standards of empire? There was some shift m emphasis 
on established mercantilistic ideals Security was given first con- 
sideration, this, of necessity, involved preference for territory whose 
acquisition could best be justified from the economic standpoint be- 
cause it provided markets for British products But some degree 
of colomal expansion, the desire to protect colonies already estab- 

** See mpra, pp 583-584. 

** ParltamefUary Huiory, XV 1271 f 

** Chesterfield wrote Newcastle, November 30, 1760 “1 thmk wo ^ould 
keep Quebec and Canada as preveutitives of future war, and for the rest scramble 
and negotiate as we can but Guadeloupe is a much more lucrative posses- 
sion '' Namier, op cU , I 321, citing Add MSS, 82915, fol 104 Lord Morton, 
also, advised Ha^wteko, January 13, 1760, that North American possessions 
should be retained for considerations of peace although he did not expect them 
to be peopled in "ten centurys " Namier, op ett, I 323, citing Add* MSS, 
82924, fols 81 1-822 Thomas Hutchinson testified that Cana^ had been retained 
for the "security" of the colonies The History if the Colony and Pronnee of 
MusBodmMhBay^ ed L S Mayo (Cambridge, Maas , 1986), 111 254 

^ An Address to ike People of (?reed-Bfttotn, on (he Prdtmtnartee of Peace 
(London, 1768), p 8 

** "A Letter from L[ord3£!gremont to the Lords of Trade, on the Advantages 
to Be Denved from the Peace of 1763 Dated May 5, 1768,^’ Shelburne Papers 
(WLGL), XLIX:364, 
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hshed at great e)q)ense, and the prevention of costly frontier wars, 
as well as a hope of greater markets for exports, do not seem m- 
oonsistent with mercantiliatic principtes That the former prime 
consideration of a staple product for each colony in a perfect" 
empire was subordmated to the urgent necessity for future safety 
IS the most that can be said for the contention that there was a 
change of policy m 1763 Therefore, the view that the Peace of 
1763 signified a deliberate change from an older to a newer theory 
of the value of colonies seems untenable Despite the emphasis on 
security, there was more continuity than innovation in the decision 
made But this is not to say that the new terntonal expansion of 
1763 did not have very significant effects on the trends of British 
policy from that time forward 

The historians of that peace have been inclmed to place too great 
emphasis upon one or another of the issues which have been dis- 
cussed here Naimer, for example, has been correct m calling atten- 
tion to the importance of the security motive, but he has not given 
proper credit to other considerations It has been shown that there 
was a significant clash between territorial and commercial concepts 
of empire, and local self-mterest and jealousy were also present 
The wish for security was nonetheless the factor which was so asso- 
ciated with the other elements involved tiiat it was decisive m the 
British determination to acquire Canada and the West m 1763 

Micbioan Statb Normal Collbqs 

Ypbilanti, Michigan 


^ '^Thoughts concerning the Colonys [1766?J,” Shelburne Papers (WLCL), 
XLVIII.74 



COLONEL GUY JOHNSON, SUPERINTENDENT 
GENERAL OF INDIAN AFFAIRS, 1774-S2 

HARLEY L QIBB 

T he subject of this sketch, Colonel Guy Johnson, held the im- 
portant office under the Bntii^ of Superintendent General of 
Indian Affairs for the Northern Department of North Amenea during 
the American Revolution Turn where you will to secondary sources, 
his 18 a most elusive character, yet the ghost of his authority stalked 
in the shadows of every Indian campfire during the Revolution The 
names of his bubordinates, Major John Butler, Captam Daniel Claus, 
Captain Alexander McKee, and others, arc better known to the 
historian than his own But the evidence does show that his career 
ended in a tnal at Quebec under charges of misfeasance and mal- 
feasance ^ 

Colonel Guy has been described as short and pursy, of stem 
countenance and haughty demeanor, his voice was harsh and hmted 
at his Irish extraction. In accordance with the fashion of the times, 
he wore his hair powdered An engraving by Bartoloui shows him 
in a military coat, a man of pleasing, even handsome, appearance, 
with an open countenance characterised by widely separated eye- 
brows A full-length portrait by Benjamin West in the Mellon Col- 
lection m the National Art Gallery, Waslimgton, gives much the 
same impression a man in his late thirties or early forties, with very 
dark hair, mtelhgent eyes, and a face which, though sharper, is still 
pleasant 

One of the seven sons of John Johnson, a brother of Sir William 
Johnson, Colonel Guy was bom m County Meath, Ireland, m 1740, 
he came to America and was servmg in the Indian Dejiartment m 
the Mohawk Valley as early as 1766,* and subsequently took part 

* Fublie Archives of Canada (hereafter died as Gan Arch), B, CVII 
270-2S1, 307-M0, 815-817 

' Gan Arch , Report for 1887, pp. 86-109, contains a calendar of Guy 
Johnson's letters for the yean 1779-M A letter of January 11, 1783, gives 

696 
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m expeditions against the French throughout the Seven Years’ War, 
a part of the tune as secretary to Sir William He was with his uncle 
at the Battle of La Belle Famille, near Niagara, on July 29, 1769, 
where fifteen hundred Western Indians were crushed and where Sir 
Wilham clinched his reputation as an outstandmg Indian military 
strategist Later in this campaign Colonel Guy became a heutenant 
m one of the independent New York companies and commanded a 
body of Rangers in the force which General Jeffrey Amherst con- 
ducted up the northern part of New York m the campaign of 1759- 
60 Entermg Montreal with the army m September, 1760, he re- 
mained there for some tune as Indian agent * 

After the war he held the commissions of colonel and adjutant 
general m the New York militia fuid early m 1762 was appomted 
deputy superintendent for the Six Nations and the neighboring 
Indians under Sir William In this capacity he attended all the 
frequent Indian councils, served at times as secretary to the Super- 
intendent, and, on occasion, acted for him durmg his absence After 
the conclusion of peace in 1763 Colonel Guy married Mary Johnson, 
Sir William’s younger daughter, and established his residence at 
Guy Park Manor, the handsomest of four residences erected by Sir 
WiUiam, near Amsterdam, New York In 1762, just before bis 
marriage, the scope of his duties had been enlarged, for at that time 
he was appointed deputy Indian agent by his father-in-law, with 
full power in the Northern Department, and was, besides, placed on 
half pay as a lieutenant in one of the New York compames * From 
then until the death of Sir William, on July 11, 1774, ho earned the 
heavy burden of the details of the business of the Supenntendent. 
In December, 1770, when Sir William dechnod refilection as Master 
of the Free and Accepted Masons, St Patnek Lodge, No 4, Colonel 
Guy was elected master in his stead Besides being judge of common 
pleas m Tryon County, he was elected to the New York Assembly 
and served mtermittently dunng the cntical term 1773-77* Sir 
William’s oldest son. Sir John, two years Colonel Guy’s jomor, was 


an outline of hii whole eareer See also Callaghan, E B (ed ), DoeumenU ROa- 
tmlotke Cetomal Htatory cf tin 8tat$ iff New York (Albany, 1853-87) (hereafter 
ettedasN V Col Doe), Vll 176 

* N Y Col Doe, VIII 818, note * Ibtd, 11 1008 

* IM , VIII 650; Quwterhy Journal of tin Now York State Htetaneal Aeoo- 
etoHon (hereafter cited uN Y Quart Joum ), IX 340 
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to inherit a large part of his father’s estate* Wishing to protect 
amply as well as to provide for his favonte daughter, Mary, and at 
the same time to further Colonel Guy’s fortunes, Sir William had 
made his nephew an executor of his wiir and had also written General 
Gage recommending that Colonel Guy be promoted from deputy 
to superintendent in event of his own incapacity * No record has 
been found of Gage’s reply to this request, but upon Sir William’s 
sudden death, attributed to overexertion durmg an unusually large 
Indian council at Johnstown, Colonel Guy earned the business of 
the council to a successful conclusion * 

Almost immediately thereafter his office became the center of a 
rising storm of revolution in Upper New York State The trouble 
began in an apparently tnvial incident Colonel Guy, exercising 
his powers as magistrate, caused the arrest of two Massachusetts 
men sent by the Schenectady revolutionary committee to stimulate 
the local Tryon committee, which had been overawed and held in 
check by the Johnson forces The arrest stirred up a veritable yellow 
jackets’ nest The local committee repudiated the authonty of the 
shenff and the magistrate and proceeded to elect others m their 
place In order to intimidate Colonel Guy a senes of threats were 
made against his life and the safety of lus family, which he countered 
by an attempt to rally the Iroquois to lus cause By May 25, 1776, 
he had succeeded in getting only the Mohawks into council at Guy 
Park, situated on the Mohawk River in the extreme eastern part 
of Tiyon County, but at this time the Tryon County revolutionary 
committee, by a senes of meetings, forced his hand On May 29, 
evadmg the vigilance of that committee, he moved his family and 
entire retmue from Guy Park Manor to Cosby’s Manor, near the 
headwaters of the Mohawk River and adjacent to the northeast sec- 
tion of the area then called *4ndian country/* ” 

* Dailey, Rev W N P , WtlUtm /oAruon, Bartmit Sketch of Hts Life 
(St JohnsviUe, N Y , 1980), p 10 Sir William Johnson hod aggrandised “an es- 
tate of two hundred thousand aotea, the largest in the world at the time, [which] 
was not in accord with the growing spint of demoenuy in the new world ” 

^ See tbttf , p 23, for a copy of Sir William Johnson’s wiU 

* Tiinson, George E , John Johnson, Indian Supermtendent, 1782- 
1880“ (MS), p 4 

* N Y Col Doc, II 1006 

“ Campbell, William W , AnnaU of Cowidy (New York, 1831), p 21 
Ibid , p 36. Colons Ouy held a eonferonoe with General Herkimer there 
on June 6 ^ Ibid 
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The success of the Tryon committee m rouung strong opposition 
to Colonel Guy compelled him to withdraw farther, to Fort Stanwix, 
and Governor Carleton, of Quebec, instructed him to relieve still 
more the pressure on his forces by moving to Fort Ontario, at Oswego 
Here he met 1,340 Indians m council on July 8 Three days later 
his thirty-one-year-old wife died, on the Orst anmversary of her 
father’s death The terrors of the previous months combined with 
the hardships of the flight to Oswego from Guy Hall, near Johns- 
town, had been too much for her frail body “ The next day, July 12, 
1775, Colonel Guy assembled his cortege, which mcluded two hun- 
dred and twenty Rangers, some ei|^t hundred Indians besides his 
retinue, his two small daughters, and his wife’s body, and moved 
down to Montreal 

On the day on which Colonel Guy left Oswego Congress estab- 
lished an Indian Department of three divisions, with Major General 
Philip John Schuyler as one of the five commissioners of the Northern 
Division In this capacity Schuyler met about five hundred Indians 
in council and distributed £1,500 m presents “ That act of Con- 
gress creating the Indian I^epartment for the United States marked 
the beginning of an agency which was to develop an organised re- 
sistance to those Bntish forces subject to Colonel Guy’s control 
Under Schuyler’s skillful organisation two of the Six Nations and 
those portions of the other four who refused to follow the leadership 
of their Mohawk sachem, Joseph Brant, m joining the Bntish and 
thereby jeopardising their hol^ngs in New York Indian country 
secured to them six years earlier, formed an Indian group vdiich be- 
came the nucleus of all Indian opposition to the Bntish The leader 
of this group was the Chief Com Planter, Henry O’Bail, a half-breed 
Seneca 

At Montreal Colonel Guy organised the Indiana of that region 
and, with those who had accompanied hun, attempted to assist m 
the defense of Fort St Johns, located on the Sord River about twelve 
miles north of Lake Champlain, which was under attack by Mont- 
gomery and Schuyler, preliminary to an attack on Montreal and 
Quebec The four months’ struggle for the possession cd Fort St 
Johns terminated in its surrender to the mtrepid Montgomery on 
November 2 His capture of Montreal followed ten days later. 
Governor Carleton, Colonel Allan McLean, of the Royal Hig^iland 
<* 27 r 0iMiii.c/ourn.,IX.243 •* IhU 
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Emigrants, and Major P*re8ton, who commanded at Fort St Johns, 
escaped separately and reunited at Quebec 

When m council at Oswego the Indians had ajpecd, at Colonel 
Guy’s urging and mSuenred by the schism which resulted in some 
of their members joming Schuyler, to assist the Bntuih m the struggle 
just beginning While the Amencan attack on Fort St Johns had 
been forming. Colonel Guy had been undertaking the re^tabhsh- 
ment of his authority in the Mohawk Valley in order to assist the 
British in New York to relieve the pressure on Boston, or, m the 
eventual failure of such plans, to conduct raids mto New York 
His proposals did not, however, fit m with the ideas of Governor Carle- 
ton, whose long experience in America had made him thoroughly dis- 
trustful of usmg Indians in any manner agamst the white man He 
considered that they were capncious, mconstant, and mtractable, 
that their ideas of war and courage were totally different from those 
of cmlized nations, that their object and design in all wars was not 
to fight, but to murder, not to conquer, but to destroy — in a word, 
that their service was uncertain, their rapacity insatiate, their faitli 
ever doubtful, and their actions cruel and barbarous “ For the same 
reasons his successor, Haldimand, with thirty years’ experience m 
Amencan colonial military activity, held a strong aversion to em- 
ploying Indians in any capacity On the other hand, the Ministry 
(particularly after the issuance of the Declaration of Independence), 
as well as that part of English officialdom which felt any means 
to be justifiable that would soonest suppress the rebellion, favored 
making use of the Indians against the colonists and freely criticised 
Carleton’s refusal to do so llus fundamental objection of both 
Canadian governors to employing red moi m warfare was the key 
to the perpetual conflict between the governor’s office and the In- 
dian Department from the beginning of Colonel Guy Johnson’s 
troubles m early 1775 to the elfeetuatmg of the Jay Treaty and the 
ronconutant retirement of Carleton, a second time, from the gover- 
norship, m mid 1796 

Thoroughly angered because Carleton had refused to permit him 
to loose his savages upon Montgomery at Fort St Johns, further 
incensed when Carieton forbade hts trinng any Indian or Loyalist 
forces outside his immediate jurisdiction,” and frustrated because, 

** Aanuot RegtsUr (London), 1775, n>. Ct-TJ ** Ibtd 

» Can Arch , Q, XI 2S7, 281 



600 


Harley L. Gibb 

though holding his commission of Indian office from General Gage> 
whose authority did not extend far west of the Hudson River, his 
military duties, Indian prot^gds, and most of the Johnson estates 
had fallen into the areas now clearly within the jurisdiction of Carle- 
ton, Colonel Guy placed his deputy, Major John Butler, m charge 
of Indian affairs for the Northern Department, angnly left Oarleton 
and his harassed staff in Quebec, and m November, 1775, sailed 
for England Hts going was further motivated by the fact that his 
own and Sir William's estates direly needed the attention of their 
London agent 

Colonel Guy arrived m Ixindon to find that several changes had 
taken place in the cabmet At the time when the British forces 
were withdrawing fiom St Johns on the New York frontier Lord 
George Sackville Germam had been made Societary of State for the 
Amencan Department Just what Johnson did while in England 
IS not clear, but inferences may be drawn from his later relations and 
actions m Amenca He seems, at any rate, to have attached himself 
to the North-Germam faction and to have entered into the general 
mtngues between the Germam party and the opposing colonial offi- 
cials for placement and advancement m office It is evident that 
he threw his weight with the Court party, and, if he did not de- 
liberately undermme the position of his superiors in Amenca, he at 
least made no effort to cooperate with them Without Carleton’s 
support, perhaps even in the face of his opposition, he secured a 
new commission directly from the King His mfluence with I^ord 
Germam after his return to Amenca is evidenced by a letter of 
March 26, 1777, from Germam to Carleton, directing him to have 
the Indians assembled and launched m ** making a Diversion and ex- 
citing an alarm upon the frontiers of Virginia and Pennsylvania ” " 

“ Can Aroh , B, CVI 1 7 

” Germain’s appointment was made on November 10, 1775 

Pioneer and HuionetU CoUeetione (hereafter cited as Mudi Pttm, 
CdU ), IX 347 In a letter of September 26, 1777, from Carleton, at St Johns, 
to Httry Hatmlton, at Detroit, it te obvious that Carleton keenly f^t his hu- 
raihation "The conduct of the War has been taken entirely out of my hands, 
and the management of it, upon your Frontier has been assigned to you, as 
you have seen by a letter from liOid Qeoige [Germam], a copy of which I sent 
you [from Quebec, May 21, 1777]; I can therefore c^y r^er you to that ” 
/htd,p 851 And on March 14, following, be wrote* “The Instructions sent out 
last summer by Lord George Germam were so pomted, taking the Management 
of the War on all sides out of my hands, that X cannot give you any directions, 
relative to the offensive measures you agitate “ Ibid 
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It was generally known at that tunc m both England and America 
that Germain planned the ill-fated American campaign of 1777, to 
its mmute details, without conaultmg hia American commander-in- 
chief, Sir Guy Carleton, without even takmg the trouble to notify 
him of orders issued directly to his subordmates Sir William Howe, 
for instance, mformed his superior. Governor Carleton, that the 
concerted operations of the campaign on his side would lead him to 
such a distance as to render any commumcation concemmg such 
orders impracticable ** 

Johnson landed at Staten Island on July 29, 1776, and remamed 
m New York until September 10, 1778 Besides performmg his 
duties as executor of the Johnson estates he spent part of these two 
years as manager of the Old Theater on John Street It was his 
intention to develop military eodperation between the Bnttsh and 
the Indians along the New York frontier, but he was unable to ac- 
complish anything in his Indian plans from this city, although he 
claimed the credit for organizing and directing the attacks which 
resulted in the Wyoming and Cherry Valley massacres 

Meanwhile Carleton earned on his Indian relations with the resi- 
dent deputy, Major John Butler, and ignored the Supermtendent 
in New York Butler appears to have had httle, if any, cooperation 
from his supenor during this period In the summer of 1778 Carieton, 
snubbed and left unsupported by the Germam party m England, re- 
signed and was succeeded by Sir Fredenck Hsddimand 

Upon Carloton’s departure from Canada Colonel Guy left New 
York for Quebec, but on account of bad weather and other adverse 
sailmg conditions his ship was obliged to put m at Halifax ** On 
October 20, 1778, he wrote Haldimand of his detention, and on the 
following May 6 again wrote Haldimand that he could not proceed 
to Quebec with Major Holland because he was unable to carry the 
bulk of hts papers ” He succored m sailing from Halifax m June, 
but on his arrival in Quebec did not receive any too hearty a wel- 
come from Haldimand, who had known him from the tune of the 
French attack on Oswego in August, 1766 Haldimand had been 
well satisfied with the services of Major Butler, and, partly because 
of Colonel Guy’s long absence from ^ post, be did not regard him 

** ilmiual Btfptler, 1777, p [U2] 

* Can Amh , B, CVII 1 

** Ibid , p 7 Thew pi^ien were otiee dealing with penonal affain, the 
Johnaoa estates, and the Indum Department 
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as faithful to his duty After amvuig in Quebec the latter wrote a 
lengthy report to the Governor covering his protracted absence and 
detailing in excuse the pressure of his personal affairs, which had 
necessitated his trip to England in 1775, his long detention in New 
York, and the nine months of difficulties m reaching Quebec He 
referred to his great personal losses, expressed his earnest desire to 
gain a reputation as a useful officer, and gave as his reason for want- 
ing to return as soon as possible to his post at Niagara the need 
for his being at the central seat of Indian operations ** For another 
month he importuned his reluctant superior for permission to re- 
assume his official position as head of the Indian supermtendency 
at Niagara Finally, alarmed by reports from Butler and Joseph 
Brant of the American raid on the Indian country m Central New 
York, Haldimand realized that it was important that the officer 
charged by the King with the responsibihty for Indian relations be 
no longer kept from his post of duty,** and on August 12, 1779, he 
granted Johnson the necessary permission to proceed to Niagara 
At the same time Haldimand issued instructions to Johnson on the 
course he should follow in mihtary operations from that post He 
indicated that Colonel Guy’s authority was limited to the super- 
yision of the Indian Department and that he should so conduct the 
affairs of his office that the Indians would act as auxiliaiy forces 
to the regular troops He turned a deaf ear to Cdonel Guy’s urging 
military office for himself on the plea that mihtary command would 
render his Indian operations more effective, for Haldimand had no 
idea of subordmating the efficient Colonel Allan McLean, who com- 
manded all the military forces at Niagara and the posts above on 
the Great Lakes, to Colonel Guy, of admitting him to his officiid 
family, or of grantmg him any power or authonty beyond the com- 
mission he already held He did, however, fumidi him with a small 
vessel and sufficient supplies to cany him and his party to Niagara, 
permitted him to issue commissions to a specified list of Indian 
agents, supplied him with arms and ammumtion, and urged on him 
the exempli conduct of his office at Niagara, but he acted for the 
good of the service, not from any willingness to advance the other’s 
fortunes “ 

M Can Arch , B, CVl 1-5, CVlI 0-17. 

* JW , evil 17 (Butter’s report, July 24), 90 (Brant’s report, August 0) 

•• I\nd , pp, 24-80, 35, 42, 50 
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Colonel Guy wasted no tune in assembling his icsources and 
starting for his post, but he had not finished with Haldimand On 
September 5, wntmg from Montreal, he sent to Lord George Geiv 
main a detailed report of his movements smee amvmg m New 
York three years earlier, and charged that his delay m leaving New 
York, his detamment m Halifax, and the undue detention m Quebec 
from hiB post of duty were attributable to the specific orders of 
Carleton and Haldimand He mformed Germam that he was now 
on hiB way to Niagara and that the American drive mto the Indian 
country in New York was throwmg all the inhabitants mto a panic, 
for they feared the fall of Fort Ontario, across the mouth of the 
nver from Oswego, and the loss of all sources of food supplies, as 
well as the destruction of their stores Suggesting that the Loyalists 
be organized into corps and that regular troops be sent to assist the 
Indians, he wrote of his confidence of success if given field rank and 
the support of Haldimand*^ A second report to Germam, dated 
November 11, and composed m a familiar and confidential tone, 
gave an account m detail of his proceedings smee the letter of Sep- 
tember 6 

Three months later tlie Governor fired a heavy gun at the Indian 
Superintendent Haldimand was particularly aroused by instruc- 
tions from Germam which seemed to follow promptings of a sub- 
ordinate and which ignored his own recommendations About the 
same time, or just after these mstructions were received, some recom- 
mendations arrived from Colonel Guy which apparently dovetailed 
with them This fired the fuse The Governor lashed out at the 
Superintendent, expressing his surprise that “you should make such 
proposals for raising corps and recommend measures that are im- 
practicable m the Provmce of which I am Governor and for the 
army of which I am Commander-m-Chief Your letter has been 
forwarded to Lord George Germam and a request sent for copies 
of all letters on business from you “ ** Colonel Guy patched up the 
breach with Haldimand and seems to have sinned m this respect 
no more, if one can judge by the absence from the records in the 
Canadian Archives of any further correspondence with Germmn 

« Jbtd., p 8L *• IM., p A9 

* Ibid , p 79 No OQpy of the letter or report fram Colonel Guy Johnson 
has been found. BaMimaad probably forwarded it without making a oopy 
This letter from Baldimamd on February 10, 1780, tardies its content, howevw 



004 HarUy L Cnhh 

The constant Indian raids upon the frontier settlements of New 
York and Pennsylvania, and even into Virginia, rulminatmg in the 
massacres at Wyoming and C'^herry Valley, provoked the colonists 
to an organised effort m 1779 to wifie out those tnbes of the Six 
Nations responsible for most of the trouble Accordingly, General 
John Sullivan was sent witii a large contingent of Congressional 
troops to act m conjunction with tlie state militia under Colonel 
Brodhead The two forces launched their attacks early in the sum- 
mer of that year General Sullivan invaded the Seneca country 
along the upper Genesee River The whole region was laid waste, 
the towns were leveled, and even the orchards and the growing 
crops were cut down, trampled, and destroyed, while the stores of 
cured com laid up for a two-year emergency were burned Colonel 
Brodhead treated in like fashion the region south of the country 
visited by Sullivan Only six small towns on the Genesee, the 
largest with but six habitations, and a few towns west of it escaped 
spoliation, and even here the supply of food was soon exhausted m 
feeding the fugitives 

As soon as reports of the magnitude* of the American plans were 
brought m by Indian spies the British undertook a counterattack 
Colonel John Butler organized a defense and m July sent his Indian 
warriors, supported by hia Rangers and also by Sir John Johnson 
at the head of four companies of his Royal Greens, to meet the 
attack These forces engaged m battle, hrst at Newton on August 28 
and then at Chemung on the following day” General Sullivan, 
usmg cannon, utterly routed the eight hundred Bntish-Indian allies 
and pressed on toward Niagara Butler steadily resisted Sulhvan's 
advance, however, and the projected campaign aimed at Niagara 
was abandoned, but not before the complete despoliation of the 
Indian country had been accomplished The Six Nations never re- 
covered from this reverse ” 

These events took place at the very time that Colonel Guy was 
middng a belated return to his command On September 8 he 
reported to Haldiznand from Montreal that he had collected such 

^ An account of this expedition, with eofomderable detail, u induded m 
extracts from an officer's MS journal given m Campbell, op etf , pp 120*128 

^ Ibid , see also Van T^, C H , The Amenean Revaluiton (New York, 
1905), p 250, giving SuHnran’s official report and citing as the source Cook, 
Indum SvpedtHant p 290 

« Campbell, op cti , p 182 
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articles and supplies as were needed for the tnp to Niagara Hie 
fact that part of the regiment of his brother-in-law, Sir John John- 
son, had been sent along with them from Montreal had heartened 
the Indians’ eepnt de corps He had received, Colonel Guy reported, 
many accounts of the approach of the rebels to the Seneca country 
and would leave the following day (September 9, 1779) by the 
shortest route through Lake Ontario to Niagara He closed with 
what appears an insignificant request that Colonel Claus “desires 
the Six Nations disbursements be included m my accounts ’’ ** 
Colonel Guy reported agam from Cedar Landmg on the eleventh 
and from Lake St Francis on the sixteenth At the latter place he 
began to meet refugees from the Seneca country, who brought ac- 
counts of the destruction and havoc effected by the forces under 
General Sullivan The Superintendent indicated that he would take 
the fleeing officers and Indians back with him and that he hoped 
to give a good account of his success with the rebels ** According 
to his report on the thirteenth, his party, consisting of ci^ty vdute 
men and one hundred and twenty fighting Indians with their squaws 
and children, had arrived at Carleton Island two days earher By 
the thirteenth, then, he knew the extent of the disaster to the Indian 
cause in the Seneca country, and warned Haldunand that the “dis- 
tress of the Indians will cause an immense consumption of pro- 
visions” and that he had pui chased a quantity of Indian goo^ in 
anticipation of a delay in receiving such supplies from England and 
had drawn on Haldunand for the purchase pnee ** At Oswego, on 
October 16, Colonel Guy drew a dreary picture Sir John Johnson 
had arrived from the upper Genesee, and tJie Supenntendent, after 
a conference with him, with the refugee Indians from the Genesee 
country, and with the Indians from the Niagara region, had decided 
to employ the Indians all wmter m scouting On October 18 Haldi- 
mand, acknowledging the bills and mforming Colonel Guy that Butler 
had earned on the busmess of the Departmmit successfully, warned 
him to exercise care to lessen the enormous^expenses being meurred ** 

M Can Arab , B, CVII 42 •* Ihd.pp Za,2S 

*• Ilnd , CVI 8, CVII 80 

** IM , CVII 48 A census taken by tiie Indian agents a few weeks later 
indicated that there wan about forty-five hundred Indians m the Nugara ana 
dependoit upon that post for subsistenoe, can, and shelter after the Amencaa 
raids into their count^ in New York and Psonaylvania had driven them from 
their homes and had destroyed all their means of subsistenoe 
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The Supenntendent proposed to Haldiiuand that the dispossessed 
Indians be settled upon lands adjacent to Niagara^ where they 
would be under the protection of that post^ and that they be supplied 
with seed, stock, and such essential tools as were needed to plant, 
cultivate, and harvest their crops In this way, he declared, they 
would again become self-supporting and would be firmer allies of 
the British government The report which Colonel Guy made to 
LfOrd George Germain at this time indicates the action he had taken 
to alleviate the hardships of the Indians, as well as somethmg of 
the permanence of the hostility of the Indian agents toward the 
American cause He wrote, in part 

In a former letter 1 have informed your Loidi* of my having prevailed on 
many of the Indians who for their faithful servioes and sufferings expected to 
be maintained here during the War to go on plantmg grounds at a convenient 
distance from hence, and the great expense and difficulty attendmg the Trans- 
port of provisions to this Post, having made it necessary to get as many as 
possible to withdraw, 1 have bwn indefatigable in my endeavors for that pur- 
pose, and ean now assure your Lord!*, that I have re-established near four thou- 
sand of them, tho' at much expense, as by the destruction of their country in 
1779 [they have no resources] neither was it prudent to refuse a people, 
who mdependent of their sacrifices for Govem’t are the security m a great measure 
for all this communication and who give the example to the rest ** 

And agam 

Some endeavors have been lately made by the Rebels to draw them [the 
Indiana] into a neutrality which most of them disdain, I hope shortly to put 
an end to such attempts as well as to reconcile the Indians to the plan of (Econ- 
omy now entered upon for reducing the expenses which however enormous, was 
for a time unavoidable ** 

Haldimand acted to support the measures already taken by the 
Indian Department On July 13, 1780, nearly a year after Butler’s 
defeat, he ordered Colonel Mason Bolton to settle famihes at Niagara 
and at “the several posts m the Upper Country’’ in ordw that they 
might reclaim and cultivate lands and so furnish supfdies for troops 
and Indians He directed that every possible measure be taken to 
promote the strength of the posts and to protect them and the 
country, mcludmg that of the Indians, frmn rebels.* Again, on 
April 24 of the following year, he wrote Colonel Guy that he had 
o^ered settlements of t^ Loyalists to be made around the western 

” S. Y, Col. Dee , VIU 818, Letter No 17. Oot 11. 1781, CoIoimI Guy 
Johason to Lwd Geom Qenmun * Ihd. • 7M 

* MU^ Piofi. CoS, XIX : MS 
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posts to strengthen them agamst the Americans Colonel Guy, as 
has been said, also took action to provide for the relief of the In- 
dians He bitterly resented all attempts to ally the Indians or to 
reconcile them m any way to the Amenean cause In order to 
fortify the Loyalists in Canada, protect them from American attack, 
and render secure the bordering territory of northern and western 
New York for the Kmg, he undertook, with Haldimand’s approval, 
a readjustment of the benefits for the Six Nations and a relocation 
of their settlements Two entire tribes and a part of a third refused 
to leave New York territory and were settled to the east and south 
of Lake Ontario, along the Niagara River and the eastern and 
southern border of Lake Erie Locations were found m Canada for 
those of the Six Nations who were willing to migrate 

Another side of Colonel Guy’s official character led to results 
which eventually greatly increased the difficulties of Great Bntam 
and the United States in arriving at a mutual understanding over 
the settlement of the boundary Had he possessed the ability, 
honesty, and courage of his predecessor, the traders and the others 
who exploited the Indians would never have become so tiioroughly 
entrenched m their control of Indian affairs that it would take 
thirteen years for the British government to dislodge them As 
superintendent he displayed a degree of ineptness and moral irre- 
sponsibility which was a strange contrast with the reputation he 
had gamed while acting under Sir William as deputy Arthur 
Pound, Sir William’s biographer, recounts that Colonel Guy’s first 
act upon arriving m America was to borrow money from a total 
stranger, which his uncle had to repay but he states that Colonel 
Guy was popular with the Indians, an adept at garnering offices, 
and that, had he not been confronted witii the excitements of revo- 
lutionaiy unrest, he would have contmued his uncle’s policies with 
ability As a deputy he had exercised restraint m the use of hquor, 
but as supenntendent he became increasingly mebnate " After his 
return from England he approved unvetifi;^ and unchecked bills 
submitted by the traders at Niagara, Detroit, and elsewhere for 
supplies which had been advanced to the Indians on his request or 
on that of his agents and at grossly exaggerated prices. He ap- 

« /but., p eas. 

* Pound, Arthur (Bay, Rishard E , ooUabontor), Joktuon ef Ihe Hohavriu 
(Mew York, 1980), p 480 « , p 431 
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proved bills for goods wluch were never delivered to the Indians 
because the traders advanced them to their agents, who, m turn, 
either lost them by theft, storm, or gamblmg, or else absconded with 
the receipts 

The trial of Colonel Guy Johnson, which took place m Quebec 
m 1781-83 and which was reopened on appeal m England m 1784, 
did not prove him dishonest Instead, the testimony mdicates that 
he mhented from Sir William a confused and intricate business 
system based largely on family ties Among lus official paid sub- 
ordinates m the Indian Department were relatives a ho not only 
transacted the Kmg’s business but at the same time earned on ex- 
tensive dealings with the Indians fur personal profit George Cro- 
ghan, another son-in-law of Sir William, was, for instance, deputy 
Indian supenntendent at Fort Pitt and was simultaneously engaged 
in numerous pnvate enterprises.with both white traders and Indians ^ 
Colonel Daniel Claus, still another son-m-law, was a deputy, m- 
terpreter, and a not-so-successful busmessman " The admmistra- 
tion of the whole Department was careless, lax, and mdifferent, 
having for its local objective a sort of American feudal aggrandise- 
ment of the Johnson fortunes, with tiie government paying for 
essential official services The concept of civil and imperial respon- 
Bibihties was very weak, and ill understood by the Supenntendent 
Carleton, a successful businessman, was keenly alive to the respon- 
sibibties of public office Haldimand, who had never engaged m 
pnvate busmess, was particularly sensitive to the need for honesty 
in public office and was, for these reasons, short of patience with 
Colonel Guy The exigencies of a war breaking almost immediately 
upon his assumption of the supermtendency left no tune to reform 
the procedure and practices, even had he so desired 

It was m this way that Colonel Guy became an mtegral part cf 
the systematic conmvance and corruption which prevailed between 
the traders at the intenor posts, Oswego, Niagara, Detroit, and 
Miohilimackmac, and the officials stationed there to represent the 
mterests of the Kmg The difficulties mherent m the situation grew 

** Volwiler, Albert T., Charge Croghan and the Weetward Moeenunt (Qeve- 
Isnd, 1926), pp 121, 126 

«• Ei|^t volumes of Claus Pspen m the Canadian Arobivee give ample 
evidsnss of sudi shortoomings ThMe papers lemforoe Croghan's oonstant oom- 
plamts that the Indian agents had to advance personal funds m performing their 
ia^wtial duties. 
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as time passed The prolongation of the war made the British 
mcreasingly dependent along the frontier upon tlie friendship and 
support of the savages The customary annual presents had to be 
augmented beyond the requisitions submitted by the Indian agents 
and the commanders at these posts, and more than either Carleton 
or his sucecBsor, Haldimand, would authonxe * Furthermore, the 
hazards of war repeatedly slowed up delivery of even such goods 
as had been allowed on the original reciuisitions, and if this supplv 
did not arrive before the close of the navigation season on tlie mland 
waters it was held over at Quebec, Montreal, or Carleton Island 
until navigation opened again Whether the goods failed to reach 
the posts early enough for the annual distribution of presents to 
the expectant Indians or whether an madequate supply did arrive 
in time, the result was the same the Indian agents, confronted by 
an assemblage of expectant savages, had to appeal to the post com- 
manders to borrow or buy enough goods from the local trading firms 
to tide them over until the arrival of the next shipment This 
supplemental trade at the four posts mentioned grew to great pro- 
portions before the end of the war, and oven then did not lessen 
appreciably for several years, neither was the concomitant graft ever 
completely eradicated so long as these posts were retained by the 
British 

The commandants were often personally mvolved with the trad- 
ing firms, sometimes through living beyond their means and some- 
times because, their pay or allowance liemg long overdue, they 
were compelled to open charge accounts or to ask for advances against 
which they pledged their delayed mcomes In the face of positive 
and oft-repeated mstructions from Quebec forbiddmg the Indian De- 
partment to borrow or buy Indian goods from the traders, the prac- 
tice went on until the British withdrew from the Amencan side of 
the Ime The same situation obtained for necessary garrison sup- 
plies, for some luxuries, and always for rum Probably it was m 
part unavoidable Meal, meat, and flour were frequently reported 
to have spoiled while en cours de voyegi, and the frontier thirst 
seemed ever unquenchable It apparently was officially accepted 
in Detroit that a carpenter, soldier, or artificer working on repair 

** Mtek Ptm CtH , X 682, gives an estimate for 1782 of Indian goods to 
be used at Detroit; Aid , XIX 617, presents as inventory of Indian presents 
designated for Miebilmiaokinao on May 18. 1780 
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of the stockade required from a pmt to a quart (the wimimnm, ac- 
cording to one letter to Haldimand) of nun per day to revive his 
flagging spirits Haldunand’s opinion was that a gill a day per man 
was all that good health would permit in Quebec " But the com- 
missanat at Detroit rephed that shipments of rum were sometimes 
watered on the voyage ** Dunng the war the bills for such goods 
furnished by the traders at Detroit idone, when presented at Queber, 
averaged about £10,000 a month Haldimand faced a dilemma 
he was tom between demands for increases from the posts and orders 
from London to reduce the amount of supplies issued 

The bills with the traders at Michihmackmac approved by the 
commandant, Patnck Sinclair, doubled then tnpled m the two years 
pnor to October, 1781, when they amounted to £57,000 At that 
tune Sinclair was summoned to Quebec, precisely when Colonel Guy 
Johnson arnved there for a protracted hearing on his accounts at 
Niagara Sinclair was detamed in the city two years waiting for a 
settlement of the charges against him, his repeated requests to be 
allowed to go to England being refused by Haldimand At last 
successful in getting such permission shortly before Haldimand him- 
self left Canada, the commandant was arrested soon after his arrival 
m England upon complaint of the holders of the bills Haldimand 
had protested and was not released from Newgate Prison until he 
paid them Upon being freed from pnson, Smclair proceeded to 
start suit to recover on these bills from Haldimand, but the govern- 
ment, acting on the policy that the principal is responsible for the 
acts of its agents, seems to have accepted, approved, and paid the 
bills, reimbursed Smclair, and settled the case** That there was 
justiflcation for repair expenditures at all three posts, Micbilimack- 
mac, Detroit, and Niagara (where Colonel Guy outfitted for himself 
at government expense the finest dwelling withm the ramparts), is 
undoubtedly true The decision to move the fort from Miclub- 
mackinac to Mackinac Island had been offidally approved** At 

« Muh. PtoH. Cog., IX 408, X 346 

** It aeenu to have been a deck*hand praotioe to drive up a hoop on« rum 
barrel, bore a hole, withdraw a quantity of rum, reidaoe the rum with water 
and pepp«r, plug the hole, and dnve the hoop down The peipetraton of this 
tnck mamtained that each diluted, peppered rum was really better for the In- 
diane than the unadulterated article 

o Jtftoh. Pton CoU., XXXIX: 80-82; IX 510-018, jMMun. 

» /bid , XXXIX: 78. 
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Detroit the huge repair expenditures were inevitable^ since the fort 
and stockade had been allowed to fall into such a state of disrepair 
as to be indefensible It is clear tliat this weak condition of the 
stockade was a consideration in increasing the quantities of presents 
dispensed to the Indians The tremendous bills incurred at Niagara 
were repeatedly justified by Colonel Guy on the score of Britain’s 
responsibility for feeding, sheltermg, and relocating the hordes of 
Indians driven out of the Mohawk Valley and Upper New York 
State the previous yc^ar At first Haldimand had approved of these 
plans, but he was shocked and alarmed at the enormous expendi- 
ture” when the bills were presented 

Yet bad as was the corruption at Detroit and Michilimackmac, 
it was worse at Niagara Not only did the firms which supplied 
the goods keep the only records and accounts, but they rendered 
unaudited, unchecked bills to Quetiec for goods, provisions, and the 
like, which they claimed to have advanced out of their own stores, 
at most extravagant prices ^ Officially, Colonel Guy was responsible 
for the contmuance of this lax system m the Indian Department 
and for the attendant corruption It grew to maturity after he 
turned full charge of the Department over to deputies and dunng 
the period of almost four years when he was absent from his re- 
sponsibilities, for during that time the activities of the Department 
expanded from peacetime functions to measures which had to meet 
all the emergencies of war Six months before summoning Sinclair 
to Quebec for an accountmg Governor Haldimand had discovered 
malfeasance m a £35,000 bill of goods for which Colonel Guy had 
drawn on the government for expenses at Niagara Further in- 
vestigation disclosed that corruption had spread through the whole 
Indian Department ^ 

Haldimand first brought the firm of Taylor and Forsyth, which 
had furnished large quantiti^ of the goods at Niagara, to trial for 
fraud ** It soon became evident that Colonel Guy’s private dealmgs 
with the firm were badly mixed with the public ones The tnal 
lasted two months and eventually had tX) be settled in England on 

» /M,p 80 

» Can Arch , B, CVII 88-W, (», 06-07 
^ IM,pp 10^108, LIV 348 
iM, evil 108-100, CIX 110, 112, 164, 237 
“ /M, evil 02, 262-267, CVI 68-67, CIX, 132, 162 
•• /W, evil *278 «/6Mf.eiX 108 
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appeal by Taylor and Forsyth In the course of these proceedings 
Colonel Guy’s accounts proved so involved that his trial in Quebec 
dragged out over two years Haldimand forced him to produce all 
financial records of the Department beginning with the time he had 
taken over the office in 1774 Much of the difficulty had to do with 
accounts involving Indians and Indian agents who were illiterate 
and who could not sign vouchers^ or did not know what they had 
signed when they came to testify, oi did not know what they were tes- 
tifymg abbut 

Though Haldimand does not sei'm to have exceeded the tech- 
nical powers of his office, the rnipiession in London was that he cer- 
tainly Ic'ft no stone unturned m his efforts to rid himself of the 
Indian Supenntendent The records of the trial run into several 
volumes, each of several hundred pages** Since Colonel Guy’s 
commission was beyond the reach of dismissal by a governor general, 
Haldimand took advantage of the change of ministry followmg Lord 
North’s fall to secure the appointment of Sir John Johnson, who was 
entirel> without knowledge of the nature of the charges against 
Colonel Guy, as is evidenced by the fact that three times durmg 1782 
and 1783 he requested that his brother-m-law be assigned to serve 
with him at Niagara** Haldimand received a judgment against 
Colonel Guy for about half the amount involved,*® but at this pomt 
the lattc'r obtained from the c‘ourt a stay of execution and a transfer 
of the suit to England 

A few months after Colonel Guy’s departure Governor Haldi- 
mand gave up his office and also retired to England Colonel Guy 
started suit m the English courts to have the findmgs of the military 
tribunal sot aside, bnmght charges against Haldimand for defama- 
tion of character, and appealed for a restitution of property seized 
by Haldimand m partial satisfaction of the judgment rendered by 
the military court But Colonel Guy’s death on March 5, 1788,*^ 
occurred during the long trial Later, at its conclusion, the court 
issued a decree which set aside Haldimand’s judgment, held Colonel 
Guy only collaterally responsible for the corruption found m his 
office, returned a part of the seized property, and compelled Haldi- 

« C3sn Arch , B, CVI-CX, CXII, CXIII, CXV, CXXIII, pamm 
w /W , CVIII.40, 187, CVI 95, 98, CXV 119 
/M , CX 48-77, 279, 

OentUman^B (London), March, 1788, '*Obituary ” 
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mand to pay approximately £5|000 damages to Colonel Guy's estate 
for loss of rank and prestige and for chaiarter d<>famation This 
record speaks for itself 

Like many another Loyalist, Colonel Gu> had returned to Eng- 
land on the officers’ list, at half pay,*^ and had attempted to secure 
compensation foi hia personal property and for his estates in the 
Mohawk and Hudson River valleys which had been conhscated by 
the state of New York under the Conhscation Act of Oct^iber 22, 
1779 These estates were extensive according to an itemized list 
of money and properties left him by Sir William Johnson,** but 
Colonel Guy died m his London home m the Haymarket before the 
claims of the Loyalists had all been heard by the commissioners of 
claims 

Among the lost of the official iccords in America relating to 
Colonel Guv Johnson is an entry m the minutes of Lord Dorchi'ster’s 
Council for December 29, 1788, citing an application bv Sir John 
Johnson for one thousand acres of land on the south side of the 
Ottawa River and entermg an order of the C^ouncil to the surveyor 
general that a survey be made and, when that had been done, that 
the land be granted to the heirs of Guy Johnson, deceased ** 

Wayne Univbbsity 

Detroit, Michigan 


« AT r Quart Joum , IX 249 

Stone, WiUiam L , Jr , Ltfe and Txmen of Svr \ifdham Johnson (Albany, 
1865), II 490-502 

Ontario Bureau of Archives, Report, 1905, pp 413-414 




HUGO GROTIUS ON THE FREEDOM 
OF THE SEAS 


ALBERT HYMA 

H ugo QROTIUS was CrRt called Huig do Groot, being the hod 
of Jan de Groot and Ahda van Overaehie Hut father was a 
member of the municipal council of Delft, and from 1594 to 1617 
served as curator of the University of Leiden From 1591 to 1595 he 
was mayor of Delft, the city in which William of Orange, founder 
of the Dutch Republic, had been assassinated m 1584 Here the 
most illustrious members of the House of Orange-Nassau were buned, 
m a church that may well be called the Westminster Abbey of the 
Dutch people Moreover, when Grotius, at the age of eleven, mar 
tnculated in the Umversity of Leiden, his uncle, Comelui de Groot, 
was rector of this institution 

After having studied at Leiden for four years, Grotius took a 
trip to France, on his way to Orleans he jomed the legation under 
Justinius of Nassau and John van Oldenbamevelt At the Um- 
versity of Orleans he received the degree of Doctor of Law, although 
he apparently had not studied there at all To receive such a degree 
at the age of fifteen, besides a medallum portrait from King Henry IV 
of France, was definite proof of his father’s prestige The young 
man was, however, exceedingly precocious In 1599 he published a 
splendid edition of Martianus Capella, one of the great textbooks 
used m the medieval universities * 

Shortly before the end of 1599 Grotius established himself m 
The Hague as lawyer While residmg there he learned of the cap- 
ture by Dutch forces of the Portuguem vessel St Catanna Its 
cargo was sold at auction in Amsterdam, amidst the loud applause 
of Dutch imperialists, who dreamed of the cmiquest of tiie nch 

> Msnlen, J ter, CmuM» BMugraphy ef Hvfo OroUtu (Leiden, 1086), pp 6- 
6; Molhuyeen, F C , Bntfwuuimt von ffupo Orctuu, VtA 1 (The Hague, 1088), 
pp, xm-xvi 
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Spice Islands and the trade with China and Japan ^ Many interest-* 
mg details of this exciting event are mentioned by Grotius in his 
brilliant work De Jure Praedae (‘‘On the Law of Booty [Prize]”), 
which he composed in 1604 * 

The question now presents itself What were the relations be- 
tween Grotius and the directors of the East India Company, who 
had become the owners of the captured pnze^ His wntings show 
that he was very familiar with the whole case, and it is for this reason 
that certain authontu^s in America have argued that Grotius was 
employed as a legal adviser by the Dutch East India Company^ 
The problem has been carefully scrutinized by a competent Dutch 
scholar, P C Molhuysen, who came to the conclusion that Grotius 
was not engaged in this manner * 

The present writer, however, is of the opinion that, although 
Grotius was not officially the lawyer of the company, he certainly 
functioned as a legal adviser and was vitally interested in the man- 
agement of this great c^orporation He was strongly influenced by 
Jacob Boreel, one of its directors, whose son (John) had studied at 
Leiden while Grotius was there Both John Boreel and Grotius 
married girls in the province of Zeeland, where Boreel lived The 
two men were intimate friends and both wore willing to serve the 
interests of the corporation m question This appears from a letter, 
in Dutch, addressed to Grotius by the Zeeland Chamber of the 
company, and dated November 4, 1608 Here we read 

We have always been of the opinion that it would bo desirable for the United 
Company to have the right of navigation which the Dutch nation enjoys over 
the free wide world thoroughly justified and reinforced with both naturd reasons 
and the provisions of law That which we formerly regarded as desirable 

now appears almost necessary, at a time when negotiations are being earned on 
for a truce We have recently been strengthened m our purpose Ihrough 

the remonstrance of Mr John Boreel, present^ m our meeting, in which he 
pointed out the means of furthering our plans, saying that you had prepared 
all the necessary matenol for this subject, which we were pleased to hear For 
that reason we have no doubt of your favorable dispoeition toward the United 


> This subject has been discussed at some length in Chap III of the writer's 
forthcoming book, A Hutory c/ the Dutch Empire in the Far Eaei (Albuquerque, 
New Mexico University of New Mexico Press, 1942) 

* Edited by G Hamaker (The Hague Mn^nus Nijhoif, 1868) 

^ Notably James Brown Scott, of the Carnegie Endowment for the Promo- 
tion of International Plaaee, who often stated this opimon to the writer 

* Molhuysen, "Over Grotius’ De Jure Praedae Commentanus," Btjdragan 
voor eaderlandedie Oeechicdente an Oudheidkuniet Sixth Senes, 4 . 27^282 
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Company, and we beg you to aasist the said Company, nor do we doubt that 
you have likewise been requested to do this by the Chamber of Holland * 

The material that Grotiua la said to have collected was for the 
most part published under the title Mare Liberum (“On the Free- 
dom of the Seas’O It first appeared m 1609, in which year the 
Spanish and Dutch governments signed the Twelve Years’ Truce 
The author’s name was not revealed at this time, but the directors 
of the East India Company were well aware of his identity They 
also knew that his larger work, De Jure Praedae^ mcluded as a part 
of Chapter XII this very composition^ Unfortunately, however, 
some of Holland’s greatest authonties on the rise of the Dutch East 
India Company seem to have forgotten when the Afare Liberum was 
wntten ® 

As early as October 15, 1604, a letter had been addressed to 
Grotius by John ten Grootenhuys, whose brother Arent sent his 
best wishes “together with those of the other directors of the Com- 
pany ’’ • The directors wished to commit to Grotius the task of 
defending the Dutch merchants m the Far East against the “per- 
fidious Portuguese,” and John speaks with approval of Hugo’s learned 
De Jure Praedae The letter is an apology for his countrymen, 
they have suffered terribly at the hands of the Portuguese “tyrants, 
murderers, pirates, and scoundrels,” who are trying to close the 
Indian Ocean to the “unhappy and innocent” Dutch sailors and 
merchants Grotius must show the world the injustice of all this 
Although the letter was m Latin, Grotius wrote some comments on 
the margm m Dutch concerning the sale of the Cofanna and 
mentionmg books dealing witli Portuguese trade in the Far East 

In his first great work, De Jure Praedae, he argued m favor of 

* See Molhuyeen, Bnefvneeeltng van Hugo Qratvaa, I, No 140 128-129 
Translations from the Dutch are all by the present author 

' Fruin, R , Ferspreufe Vol 111 (The Hague, 1901), pp 443-445 

* Oeeduedmu van Nederlandsdi IndU, ed F W Stapd, Vol III (Amster- 
dam, 1939), p 8 “Het is een der merkwaardigste vocurbeelden van de ironie der 
gesobedenis, dat Hugo Qrotius m 1608 sijn Mara Liberum sou schnjven m sijn 
hoedamgheid van histonograaf der Vereenigde OOetindische Compagme “ These 
words are from Dr Stapel himself and reflect the popular ignorance m the 
Netherlands of the relation between GroUus and the great company m the years 
preceding 1609. 

* MoUmyswi, Brp^tmeehng van Hvgo QraUue, I, No 58 44 

On October 20 Ten Qrootenhuys sent Grotius another letter wiUi refer- 
ence to his commentary, and here also Grotius' remarks are wntten on ^e margin 
in Dutch 
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the free seas because his countrymen wanted a share of the trade 
with the Spice Islands Their aim liras to break the monopoly of 
the Spanish and the Portuguese, who sought to close the Indian 
Quean to other Europeans Very different was his attitude twenty 
years later when he perfected his most famous book, De Jure Bettt 
or Pacta. Here he presented a purely objective explanation of the 
pnnoiples of natural and international law The material he wrote 
in 1604 remained unpublished untd 1868, with the exception of that 
brief portion called Mare Liberum 

De Jure Praedae consists of three parts The first discusses war 
and the taking of prizes, which is asserted to be justifiable on the 
grounds of international and natural law The second is historical 
m character, delineatmg the revolt of the Dutch against the Spanish 
government under Philip II and the maltreatment suffered by the 
Dutch merchants and sailors in the Malay Archipelago at the hands 
of the Portuguese The third part begins with Mare Liberum, 
which, contrary to the opimon of many writers, is only a portion 
of the twelfth chapter In this and the preceding chapter the 
author pamts the deeds of the Portuguese in the darkest possible 
colors, while at the same time praising the Dutch, who so heroically 
captured their prize ** 

Mare Liberum was somewhat misunderstood at the tune by an 
Englishman named William Welwood, who attacked Qrotius’ view- 
point regarding the freedom of the seas England sponsored tite 
idea of a mare clausum around the British Isles, Dutch fishermra 
were not wanted near those coasts But Grotius m 1604 was not 
greatly interested in that issue He did, however, defend his Mare 
Liberum m a separate treatise, entitled Defermo CapUta Qumtt Marta 
Libert Oppugnait d Gvhelmo Welwodo, it was first published in 1872 ** 

What neither William Welwood nor the great majority of com- 
mentators in the nmeteenth century knew was that Grotius had 
been induced by friends of the Dutdi impenahsts to resent the 
cruelties alleged to have been inflicted by the Portuguese and the 
Spaniards upon the Dutch m the waters of the Far East He re- 

** ViaBenng, S , “Over een dnetal Haadsohiiften vsa Hugo Qrotius,” F«r- 
alagm m Mad^ltebngm der KoMnkbjke Akaiemiia ssa WtlanaAappm, Afdediag 
Letterkunde, B 145-184 1865 

** See espeoially Chap XI, Part I, ArtHtee Vl-Vn, pp 175-176 

** It appeared as an i^qieadix to a work by 8. MuUw, Man Cbuiamt (Am- 
sterdam, 1812), pp 881-361 
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peated almost verbally some of the ideas expressed by John ten 
Grootenhuys in his letter of October 15, 1604 But m the original 
version of Mare Liberum there is naturally no reference to the truce 
signed by the Spanish and Dutch governments in 1609 The thir- 
teenth chapter in the later version of Mare Liberum contams new 
material, which fact is very often overlooked “ 

The main purpose of Mare Liberum is to prove that the Portu- 
guese have no right to close the waters of the Indian Ocean to sub- 
jects of other European powers Their discoveries give them no 
title to such a monopoly, because they were by no means the first 
Europeans to navigate these waters Furthermore, as Victoria, the 
learned Spanish commentator on international law, had shown, the 
Pope had no legal right to give the East Indies to the Portuguese 
That leaves only the claim of a title through warfare If the Portu- 
guese had carried on a war with the natives and had thus occupied 
the islands or coastal regions, their churn would have been sound, 
provided that they had had good grounds for war, which they did 
not have after all The Indian Ocean is not the property of any 
nation, but open and free to everyone The shore of the sea also 
18 common property, except where someone has built a house or 
fortification, for then the land upon which the structure has been 
erected is private property It is even permissible for a person to 
fence off with stakes an inlet of the sea, and turn that mto a piivately 
owned fishpond. 

Those views, expressed in 1604 and repeated m 1609, were not 
fundamentally altered by the author afterward, either m 1613, when 
he was sent to England to represent the Dutch East India Com- 
pany, or in 1616, when he welcomed the En^ish commissioners as 
tJiey were going through Rotterdam on their way to The Hague 
m order to negotiate with the Dutch concerning the freedom of the 
seas in the Far East It is quite true tiiat m these later years Qro- 

** It u rather Butpruing Oiat the fiiet sentence in the thirteenth chapter 
has been wrongly translated in the splendid et^on published in 1916 for the 
Oamegie Endowment for Internatumid Peace {New York Oxford Umversity 
Press) Hare we read on p 73 “Wherefore . H foUows that we are to main- 
tam that freedom which is ours by natnie, either by coming to a peace 
agreement with the Spaniards, or concluding a treaty tread 'truco'j, or by con- 
tinuing the war " The arrangement m the first draft of De Jure Praedae, 1004 
or 1605, is very different The twelfth diapter is not callod Mare Liberum, 
nor u Mart JUbinm divided into thirteen chaptera, but the whole of it mto four 
sections or artiidas 



620 Albert Hyma 

tius remained a good patriot and a warm fnend of the Dutch 
corporation, for which reason one is easily but wrongly led to the 
unjust criticism that his patnotism biased his legal opinion 

The Anglo-Dutch conference of 1613 was a failure, largely be- 
cause the English and the Dutch did not come to grips on the real 
issues debated Grotius, the prmcipal spokesman for the Dutch 
East India Company, argued, as he had done before, that the seas 
were always free and open to everyone, and that the shores of the 
seas were likewise free But after private property had been built 
upon a shore, it ceased to lx* free to the general public The oflScial 
report, written by Grotius m the Dutch language and addressed to 
the States-General of the Dutch Republic, was first published m 
1928 “ The complete records of the conference, m Latm, are now 
ready for publication They do not seem to have been consulted 
by leadmg Dutch scholars, largely, no doubt, because m the Nether- 
lands only a few fragments of them Imve been preserved 

Few British and American experts, on the other hand, have used 
the important Dutch sources which diow how strongly Grotius was 
mfluenced by the directors of the Dutch corporation On January 
31, 1613, Jacob Boreel wrote these words to him “When you ar- 
rive in England, you will explam that they will not be able to trade 
BO freely and so cheaply as wo through and in the>places which we 
have conquered and settled with our blood and property ” This 
letter contains very mteresting matenal, but it was not published 
until 1928, which is true also of one addressed to Grotius m 1613 
by Dirck Meerman, member of the municipal council at Delft He 
wrote, “As for the documents which you asked me to send to you, 
such as the proposition of Ambassador Wmwood, the complamts of 
the English, and the message of tiie States-Oeneral, I have asked 
Mayor Paeuw for these ” ** 

Another letter which throws h^t on the relation between Gro- 
tius and the Dutch East India Company is that addressed to him 
by Admiral C. Matehef, dated December 14, 1613 Matdief stated 
that King James I of England did not enable the Enghrii East India 

M See Molbuyaen, Brttfmu^ng Km Hugo Orckut, I 626-636 

** They will form Appendix B in the writer’s forthooming book (see note 3) 

" See Molfauyeen, Brtgfwuultng wm Hugo Ontwu, I, No 268 iEI6-227. 

1* Jbid,, 1, No 256: 236-280 Paeuw was the former mayor of Amsterdam 
ud a man of great importaaM m the trade with the Par East BMOtuhntdamu 
■on NtdtrlandtA InM, III . 28, 28 
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Company to occupy and fortify important places in the Malay 
Archipelago The King preferred to depend upon negotiations with 
the representatives of the Dutch government, behevmg that they 
would be kind enough to let the English share in the Dutch trade 
This was a source of considerable satisfaction to the Admiral, who 
did not expect much result from mere negotiations 

It IS clear that when Grotius was sent to England to represent 
both his government and the great trading company, he set forth 
views which he had borrowed largely from the directors m the 
company They told him in advance what to say Jacob Boreel 
informed h:m that when he (Bot*eel) was m England, he did not 
think it advisable to say much about the law of nations or about 
the nght of occupation and the expenses incurred by the Dutch 
themselves On the other hand, Boreel cmpliasized what the English 
had done in and near Virgmia, and how they asked foreigners a fee 
for sailing through Davis Strait They wanted a sum of five hun- 
dred dollars for each ship, because they had discovered the strait and 
expected others to pay for the benefit denved from the work of 
the English ” In other words, the Hollanders must let their com- 
petitors know that the latter had inaugurated practices in Amenca 
that would be equally valid m Asia They came to England well 
prepared to carry out these instructions 

Robert Cecil, Earl of Salisbury and principal mmister of James I, 
had informed Sir Ralph Wmwood, the English ambassador m The 
Hague, that his countrymen were not to ask for indemnities but to 
insist upon the enforcement of natural law and the law of nations, 
according to which the seas and commerce were free to all peoples 
It IS remarkable that Salisbury in his letter to Wmwood used almost 
exactly the same words as had Boreel in his epistle of January 31, 
1613, to Grotius Salisbury argued that the Dutch, ‘^contrary to 
the general law of nations wiuch admits a communion and liberty 
of commerce,” wanted to exclude the English from trading in the 
Far East This line of argument the English representatives in the 
Anglo-Dutch conference of 1613 continued to the very end ” 

^ Molhuysen, BnefmMehng van Hugo Oroltuot 1, No 309 287 
» /M , 1, No 263 226 

Wtnwood Memonali of Affatro of State, ed E Sawyer (London, 1725), 
III 320 

** See Clark, G N , “Grotiuit'e East India Mission to England,'* Traneac- 
iumt of the GrotttM Soeu^, 20 . 54-55, 63-81 1035 The report made by Grotius 
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Professor G N Clark in his excellent article on Grotius’ mission 
to England expresses the opmion that when the English finally re- 
ferred to Jlifars Liberum by Grotius they must have regarded this 
as their trump card ^ But neither the author nor any of his fnends 
were at all embarrassed by the passages quoted from his little book 
It may have seemed strange to the English that the writer of Mare 
Ltberum had been selected to defend the thesis that the Dutch 
colonies m the Far East were not free and open to all foreigners 
However, he merely repeated what he had written before, namely, 
that after a nation has erected fortifications upon a shon^ and has 
signed contracts with the natives for the purchase of spices, com- 
petitors from other nations must expect to ho subject i/o tolls at 
the very least Being the pnncipal spokesman for the Dutch East 
India Company, Grotius penned some very important pronounce- 
ments on this question, which should have been published long ago 

In August, 1613, when Ambassador Wmwood was about to leave 
the Dutch Republic, Grotius wrote him an interesting letter, Smcc 
Wmwood intended first to visit Amsterdam, Grotius had communi- 
cated with Mr Paeuw, the former mayor of Amsterdam, who had 
accompanied Grotius to London early in that year, Winwood would 
learn from Paeuw what the directors of the Dutch company thought 
about the situation m the Malay Archipelago The wntcr sug- 
gested that Wmwood examme very carefully the intenhons of the 
English directors m London, who were aiming at an open war with 
their Dutch rivals in the East Indian waters, and continued 

When 1 was m England 1 did not find a single person who showed the neces- 
sary resolution they talked of nothing but going to the East Indies and carrying 
on there a simple form of traffic I believe that an honest and equitable 

means will be found for compensating the Dutch for the expenses they have 
incurred thus far ** 


will appear, in English translation, as Appendix A in the writer's forthcoming 
book (see note 2), and this point will receive oonsiderable attention m the text 
of that work 

Clark, op ct< , p 79 

The present writer has talked with experts m the field of intematicmal 
law who believe that Orotius in 1618 contradicted the views he had advanced 
in 1604 Th^ ore mistaken. 

See HuUmeal ManuempU Cmnm%$$tm, Papers trf ihe Duke of Bueeleueh 
of MonUtffu House, 1 (1809) 142-148 In ^s latter thm ai^iears the phrase, 
"une guerre royale et ouverte " Professor G. N Clark says m his arficle on 
Grotius' mission (op eti , p 74) that according to Mr B W Lee the word 
royale stands for But this obviously is an erroneous condusion, since 
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The leading merchantR in AmRterdam and Middleburg were fully 
aware of what Qrotiua had m mind In their opinion he would not 
in 1613 have to retract anythmg he had pn^vioualy staffed m his 
Afare Ltberunif though this could not be said for the whole of De 
Jure Praedae The latter work bad better remain unpublished, they 
reasoned Wtien m 1614 a Dutch edition of Mare Liberum appeared, 
the Dutch imperialists were not displeased They expected much 
from Grotius His keen mmd and vast learning could not fail to 
impress some of their adversaries On September 16, 1610, the 
executive committee of the Dutch East India Company had de- 
cided to ^*have the trade with the East Indies desenbed historically 
by the fiscal Grotius, or some other learned person, in ovdvr to in- 
crease the honor and reputation of the Company and the country ’’ 
Although no definite action was taken beyond this statement of 
policy, the directors showed by their own words what they thought 
of the learned lawyer in The Hague They knew very wAl why 
they wanted him to represent them m London, and when in 1615 
another Anglo-Diitch conference was held, this time m The Hague, 
they requested him once more to further their liest interests ^ 

UmvxBBiTY or Michigan 


rayale is often used in the Netlierlands as meaning '*on a large scale ** This is 
exactly what Qrotius had in mmd The English were aiming at an open war 
that was to be fought on a large scale The experts of the Historical Manuscnpte 
Commission gave us the correct version Unfortunately the letter in question 
does not appear m Molhuysen’s edition 

* Jonge, J K J de, Ds Opkomal van het Nederlandneh Onag tn 
Vol 111 (The Hague, 1865), p 379 

” See Chap V in the writer's forthcoming book (see note 2) 




THE INTERNATIONAL LAW OF STATE 
BOUNDARIES AND SUITS BETWEEN 
]\IEMBER STATES OF FEDERATIONS 


JOSEPH A KITCHIN 

F >R approximately forty years a eonaiderable literature has been 
accumulating on the Umted States Supreme Court as a pattern 
for a world court in suits betwe^ sovereign states The famous 
statement of Justice Baldwm m Rhode Itiamd v MaasachuaeUa, 1838, 
that from the time of submission *'the question ceases to be a pohti- 
oal one to be determined by the etc volo, stejubeo of political power, 
it comes to the court to be decided by its judgment, legal discretion, 
and solemn consideration of the rules of law appropriate to its 
nature as a judicial question, dependmg on the exercise of judicial 
power ” ^ has marked the line of practically all research in this 
field Emphasis has been placed on breakmg down the distmction 
between political and judicial questions, with but httle attempt to 
analyse Uie rules of law which the mterstate tribunal actually ap- 
phes to such a case * Nor is Chief Justice Fuller’s pronouncement 
that the court applies “Federal law, state law, and mtemational law, 
as the exigencies of the particular case may demand,” * much satis- 
faction for those who doubt that the judge can precede the legislator 
or that judicial lawmaking is adequate or trustworthy where sover- 
eign rights are at stake. 

The apphcation of mtemational law withm a federation is neees- 
> 6 FMen 675, 787 

' See partiouliurly Soott, Jamea Brown, JuHouA SMment of CvtOneenm 
bfhetm Statu c/ tha Anunean Union (2 vols aqd Analyw, Oxford* Cunefie 
Endowment for International Peace, 1918, 1919), barren, Chatlea, The Supreme 
Court and Sovereign Statu (Fnnoeton, 1924), Smith, Herbwt A , The Amenean 
Supreme Court ae an Intemaiional Tribunal (New York, 1920), Lauteipacht, H , 
The Funetion tf lam in the InUmahonal Community (Oxford, 1088), Ajvenduc. 
“Limitation of the Judioiai Funetion in IB^Nites between State-Members of 
Composite States"; and numerous pi^ien in the Anniial Proeeeimge of the 
Amenean Society fbr Judidai Settlement of Bitematmaal Disputee, Washini^ 
ton, D.0 , 1910, 1016. > Eoiuae v. Cderado, 185 U a 147 (1902) 
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sanly limited by the norms ready at hand in the constituiion and 
by the restricted sphere of sovereign competence reserved by mem- 
ber states * Furthermore, all state powers in most federations (ex- 
cept Germany, 1871-1919) derive from their constitutions and not 
directly from international law Consequently, it is not truly mter- 
national law, but interstate law, which is apphed to disputes between 
the states, and the factors common to both legal systems must be 
understood as by way of analogy, not identity * 

The common constitution of a federal state defines and distributes 
many of the powers of government to the central and local units, but 
certam legal disputes between these member governments, such as 
cases of boundary claims or of tortious injury by one state to the 
property or citizens of another, lie outside the sphere of subject 
matter regulated by the superior norm of the constitution Here 
the constitution confers the jurisdiction, but no rule is provided by 
either constitution or pnvate law to govern a decision In such cases 
the courts must seek their principles from other fields of law, par- 
ticularly pnvate law and international law, depending upon the 
subject matter of the controversy and the position m which the states 
appear Thus, ordinary rules of pnvate law may govern a transfer 
of personalty between states, but would be wholly inadequate to 
settle title to boundaries of temtonal jurisdiction 

In ^ United States, Canada, and Australia, the Supreme Court 
or High Court, as the case may be, is vested with general jurisdiction 
over suits between member states, m slightly different terms in each 
instance, but sufficiently broadly to include all categories of cases 
which are brought by state ogamst state * 

4 This jmnoiple is forcefully presented by Josef L Kune m "Une Nouvelle 
Tb£one de I’dtst Mddrsl,’* Rnue de dmt ttUemattonal et de Uguitation comparfe, 
Sme ler , XI (1931) 868; and u his Die SUiatmmerfnndwieen, Hanittmek dee 
VOIkerredUe (Stuttg^, 1929), Bd 11, Abt 4 Hiou^ the longuafe of the courts 
implies the application of international law direct^ in a suit betwem member 
states, the jundioal consequences of such statements do not appear to have been 
oonsidered. If the Competence of a member state derives directly from rnter* 
national law, then it is not subordinate to the constitutional norms If, how- 
ever, the very esstence of the state is a product of constitutional procedure, 
interaational law con be only inducetly applicable by the adoption of certain 
of its pnnoiples into mualapal law 

* t7mted8tatesCeBBtttutioa,ArtioIein,8eetion8,CommonwealthofAttstrar 
lia Oonstitntioa Act, Artidea 76, 78 TheBritudiNor^ Amenca Act, 1867, Arti- 
cle 101, has been mtenpreted to authorise the establiriiinent by statute of a Bupreme 
Court and Exchequer Court with jurisdiction ovw actions between provmees 
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In Germany and Switzerland, however, certain caaes, mduding 
those that involve territorial jurisdiction, are known as suits at pubbc 
law, as distinguished from civil suits Under the Svnss Constitution 
of 1848 cases at public law came before the Swiss Federal Council 
with provision for appeal to the Federal Assembly* The Ger- 
man Constitution of 1871 vested this jurisdiction m the Bimdesrat, 
where the oases were generally delegated to a judicial court for set- 
tlement ’ The records of public-law cases between states m both 
coimtnes dunng these periods are mcomplete and difficult of access ' 
By Article 113 of the Swiss Constitution of 1874 cases in public law 
were placed under the jurisdiction of the Federal Tribunal, except 
for a few cases of an admmistrative nature Under Article 19 of 
the Weimar Constitution of 1919 a Staatsgerichtshof was established, 
with jurisdiction over all suits between the German states or between 
Reich and states 

A large majority of disputes lietween member states of federa- 
tions have ansen out of questions of temtonal jurisdiction (Gelneta- 
hohnt) These partake clearly of the nature of international disputes, 
whether the state claims actual ownership or merely rights of juris- 
diction The intemational-law rules of jurisdiction are fairly well 
established, consequently, in this sphere analogies to mtcmational- 
law rules prove to peculiarly close 

It IS the purpose here to examine the law applied to one problem 
of terntoriol jurisdiction, that of boundaries, as it has arisen m suits 
m five federations, three of which, the Umted States, Canada, and 
Australia, rely on the common law, while two, Germany under the 
Bmpire and the Republic and Switzerland, have legal systems based 
on Continental law Care must be observed m drawing general- 
izations that they arc not too broad, that constitutional differences 
are not overlooked m substantive law and m the jurisdiction of the 
courts which may bo determinmg factors in individual decisions * 

* Article 74 « Artioto 76 

* The reports of the decisions of the Qennap Bundesrat seem never to have 
been published, except for those of one or two faidivKlttal rases flee Annalen dm 
Dmieohes fZme^, 1877, p 998, and a list of dadeions in Seydel, Max von, Korn- 
mentor sur V»rfa»»ung^Vrkundi fdr dag Deutoehe Rmdt (Leipng, 1897), pp 406- 
407 A partial colle^on of Swiss decisions is available in UUmer, R. E , Dm 
stootirseMiiehe i*nuts dsr lehtwnsmaehen BmdiuMutrdm, 1848-186$ (2 vda , 
Zuneh, 1864, 1866) 

* For the purposes of thin paper only a few important interstate cases have 
been used. A more eom|dete disouseioa of individual Umted States and Swiss 
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Neither constitution nor private law m any federation provides 
a ready-made rule for such oontitiversies But, given the jurisdic- 
tion, the court does not refuse to hear and decide the case The 
judicial tadc is to find law compatible with the federal legal system 
and with the nature of the dispute and of the parties, whether the 
state comes before the court to demand domtmum or tmpmum, as 
holder of an ordinary property nght or as sovereign appeanng as 
parens patnae to protect the rights of its citizens To do less than 
this would be to renounce the function of a court 

Boundary disputes between member states existed in the earliest 
federations From the records of the Greek federations Raeder has 
collected numerous examples of frontier controversies which were 
settled by the judicial method of arbitration Unfortunately, no 
information has survived on the pnnciples of law which guided these 
boundary delimitations In modem federal states disputes between 
member states concerning boundaries are very common In the 
Umted States no less than forty-two boundary cases have come be- 
fore the Supreme Court since 1789 In the other federations only 
a few boundaries have been the subject of judicial dispute, but many 
settlements and adjustments have been made, as between independ- 
ent states, by treaty, compact, or less formal mutual agreement 

The settlement of a boundary mvolving jurisdiction over a dis- 
puted territory is generally held not to mvolve an alienation or 
cession To this point the United States Supreme Court has said 


cases will be found in Scott, op eU , and in Schindler, Dietnch, *'Tbe Adminis- 
tration of Justice in the Swiss Federal Court in Intercantoual Disputes/’ lb Am 
JaumlnienuU Law 149-188 (1921) 

>* In Switaeriand, if the dispute is a matter of private law, Article 2 of the 
Swiss code of avil law prescribes that the judge shall “decide according to the 
rule which he would estabhsh if he were a legislator " The Federal Court does 
not fdlow this principle, however, in disputes in public law between cantons, and 
has m several cases allowed the conflict of cantonal sovereignties to oonUnue, 
on the ground that cantonal sovereignty » unhmited in this respect, or that no 
rules of federal law exist which permit an equitable solution EntBchaduns^n 
des wAwstserucAsn Bundeegm^Uet (cited hereafter as £ df B ), 29, I, p 450; 5, 
p 426, 7, p 468; 24, 1, p 227 German junsts seem to have mterpteted Article 4 
of the 1919 Constitution making international law a part of German law os 
directing the rules of decision in those cases where no federal law exists Once 
over the hurdle of jurudletion in Rhode hland v Maooaohuaem (see auprOf p 626), 
the Supreme Court of the United States has never question^ the fact that a 
rule would be found and a decision given m every case 

Raeder, A , UArhUrage mIemiUwntU eto Bstttnet (Knstiania, 1912), 
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It [this decuton] involves neither a cession of temtoiy nor the exercise of politual 
junsdicticm In settluig the rights of the leqieotive partHS, we do nothing mora 
than ascertain the true bound^, and the temtoty up to ^t line on either side 
necessarily falls within the premier jurisdiction ** 

An action brou^t by the State of South Australia against the State 
of Victoria claimed an error in the surveyed boundary of 1855 which 
depnved the plaintiff of a strip of territory two and a quarter miles 
wide, along the length of the western boundary '* The pleading was 
phrased as an action of ejectment, seeking possession and mesne 
profits on the area The plea was rejected by the court, which held 
that the ascertainment and acceptance of the boundary line was m 
the nature of an award or judgment tn rem, bmding on the states 
and all persons claiming under them, and, so regarded, it could not 
be an alienation of territory Higgins, J , dissented on the ground 
that the error could be remedied by the court where remedy would 
he for a private person, but not in this case, since the state was not 
owner of the land, and was also out of possession ** 

Unless a clear grant or title exists to the contrary, it must be 
presumed that possession, long held and acquiesced m, confirms the 
right of a state to ownership and jurisdiction The rational basis for 
such acquisitive proscription in international law is the creation of 
stability and order When one state is m peaceful and undisturbed 
possession of an area, and protest from other claimants has not been 
raised over a long penod of time, the conviction prevails that the 
present condition of things is in conformity with mtemational order, 
and should be confirmed Nor does possession m mtemational law 
have to be originally rightful as in tuueapton m Roman law. Pos- 
sesNon originally mala fide may be confirmed by lapse of tune and 
acquiescence.” It is an imperative presumption of the federal 
system that stabihty and oMer be ui^d, tiiat the exercise of 

MoLeaa, J , in Rhode letemd v ifaieaekueeUe, 4 Howard £81, 628(1840) 
u South AuHralea v. Vtctono, 12 C L R 667 a011): [1914] A G 288 
M 12 C L.R 667, 742 

” Oppenhirim, L , Inlomatumat Lav, 6tb of, od Lauterpacht (2 vob , New 
York, 1885. 1887), Vol I, Beetioiu 242-248 

M Though hona fide poamnon is not eo neoeanry in mtemational as m 
domastie law, it h not to be disregarded. In an award of 1888 on a boundary 
oonfllot between (hiatemala and Honduras die tribunal stated that one question 
was whether the possession of one of the pardsB had been ngbtfiilly aequtred and 
without violating the rights of the other parlgr. OpumoHetuidAvardeeftheSpe- 
ekd Boundary Tnbumi, Oiiatemalaandffoiidurae (Washington, D C,1083).p 70 
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cnnunal and civil junsdiction over a boundary area ahould not be 
subject to change to another state which has never claimed to 
exercise the^rights and duties of possession and government over it 
Though generally prescription is not held to overcome a clear title m 
another state the courts will hold a disputed boundary long acqui- 
esced in, although possibly in error, as correct This is especially true 
of astronomical boundaries run and deternuned by authonaed com- 
missioners and afterwards foimd to be inaccurately located To this 
point the Supreme Court said m VvrgvnM v Tennessee' 

A boundary line between States or Provinoes, aa between private persons, which 
has been run out, located and marked upon the earth, and afterwards recognised 
and acquiesced in by the parties for a long course of years, is conclusive, even if 
It be ascertained that it vanes somewhat from the courses given m the ongmal 
grant, and the hne so established takes effect, not as an alienation of temtory, 
but as a definitum of the true and ancient boundary v 

This doctrme of prescnption and acquiescence has been cnticued 
in its application to Australia and Canada, where a state is not 
empowered to give up temtory by agreement, and therefore may 
not do BO by acquiescence At the same time the logic of its appli- 
cability to the quasi-sovereign states of the Amencan umon was 
recogmced An excellent statement was made on the applicabihty 
of prescnption to Amencan states m a suit between Michigan and 
Wisconsin over correction of the boundary m Green Bay after nearly 
a century of acquiescence in Wisconsm’s full possession and juris- 
diction 

That rights of the character here claimed may be acquired on the one hand and 
lost on the other by open, long-contmued and unmterrupted possession of temtory, 
is a dootrine not confined to mdividuals but apphca^ to sovereign nationa as 
well, Dvreel U 8 Cable Co v AngiihAmmetm Tdtgraph Co , £18773 L R 2 A C 
8M, 421 , . and, a forhon, to the quasi^overeigii states of the Union The 
rule, long-settled and never doubted by this eourt, is that long acquiescence by 
one state in the possession of temtory by another and in the exercise of sovoeignty 
and dommion over it is conclusive of the letter’s title and rightful autiionty ** 

The period required to lapse in order to confirm a prescriptive 
title IS by no means clear from decisions of the courts In one case it 
was suggested that the length of tune necessary to raise a ri^t of 
prescnption m pnvate parties likewise raises such a presumptaon m 

" 148 U 8. 608, 622(1888), citmg Lord Hardwkdie m Psxn v Lord 
mars, 1 Vcaey Sm. 444, 4tt. 

** Higgins, J, diassnting in 8mih Australia v. Ficfsrta, 12 CLR 067, 
742 (1011). ^MiOdgen v. Wtseonsm, 270 U 8. 206, 808(1826) 
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favor of states, m mother, that nearly one hundred years of acqui- 
escence m possession should not be disturbed, and m a Swiss case, 
that a period of one hundred and fifty ye^ars should be conclusive ^ 
Probably none of these is the answer The tune must be determined 
according to the facts of the individual case, and would seemingly 
depend principally upon the coming into existence of important 
private rights that would be disturbed by the change 

Where a boundary has been long acquiesced m by a predecessor 
m title, the successor state is bound to that line This was the 
situation m respect to the boundaries of New Mexico with Colorado 
and Texas, which had been long recognized by the Umted States 
before the territory was admitted as a state into the Umon ^ 

In 1925 Ltlbeck brought an action agamst Mecklenburg-Schwerm 
in regard to the rights of sovereig(nty and of fishery, in particular m 
a part of the Bay of LUbeck which was territorial waters of the 
defendant state Plaintiff based its claim on exercise of the rights of 
jurisdiction over fisheries m the area since the sixteenth century and 
regulation of them by a law enacted m 1896 which defendant must 
be presumed to have known After granting a provisional order in 
favor of Ltibeck in light of her long undisturb^ possession the 
Staatsgenchtshof examined fully the law applicable to the case In 
1928 a final judgment divided sovereignty over the bay function- 
ally, the regulation of fisheries going to Ltibeck '^This immemorial 
possession justifies the presumption of its legality as well as the 
attribution to Ltibeck of these ri^ts for the future ” ” Mecklenburg- 
Schwerm also alleged acquiescence of Ltibeck authonties in certain 

Maryland y Ftryiaw, 217 U 8 577,579(1910), Indiana y Kentucky, 
136U8 479,518(1890), Zunehy Bi^mffhauwn, 1894, £ , 33, 1, p 594 

« New Memao v Ctdofada, 267 U S 80(1^), New Mexico v Texas, 275 
U 8. 279 (1927) 8iinilarly, v Iowa, 7 Howard 660 (1849) 

» Laimky 5f«cjkIenbttr^e5tMnn, ProviBional Order of the Staatagenchtehof , 
10 Ootober 1925, Kntsoheidungen des Reiohsgerichta in Zivilaachen (cited here- 
after as R Q Z ), Vol 111, Appendix, p 21, Xnattaf Dig^t, 1925-1926, Case No 
85, 15 Jwrisix^he Woidwn^nfi 876 0926) « 

IMeck V MeMmdmrg^diwmn, 1928, R G Z , Vol 129, Appendix, p 1 
The tribunal pointed out that several different adjustments could be made each 
state could be given eovmignty over a portion of the bay, or both states could 
enjoy exercise Si jomt and umivisible sovereignty over the whole bay, or, without 
faUing under the full sovereignty of either state, the bay could partake of the 
nature of a mantune belt However, bistoncol development and actual needs of 
the states are decisive, and m this instance justified a functional division, the 
regulation of only fishtmes and navigaton |^g to Lttbeck It is submitted 
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of her claims to preserve the shores of the bay The court ruled 
that no single act of a Lhbeck authority could create intemational 
rights in favor of Mecklenburg-Schwenn if none had existed before 
“Conduct, to be creative of mtemational custom, must be regular 
and repeated; it must emanate from the competent authorities of 
the state, and it can create rights only as between states between 
which it took place ” 

The Swiss Federal Tribunal has been more conservative in its 
application of the prmciple of acquisitive prescnption than have 
the courts of the other federations In a smt between Zurich and 
Schaffhausen in 1907 the plaintiff canton failed to prove its claim 
to exercise jurisdiction over the whole of the Bhme m a portion of the 
common boundary upon the basis of either tuucapton or immemorial 
prescription^ The tnbunal stated that the usueapton of Roman 
law as known m the German law of the Middle Ages (the period when 
the right in question was supposed to have arisen) was merdy applied 
in the negative sense of excluding the right of contest by a nghtiul 
owner against an unnghtful acquirer after a lapse of a number of 
years, thirty being the maximum withm which such an acquisition 
might be contested However, immemorial prescnption was ad- 
mitted, but was found not to apply m this case The court defined 
prescnption as “a l^al foundation for a lawful exercise of 
right since the memory of roan, that is, eighty to one hundred years, 
and . actually uncontested ” ** Similarly a claim that one can- 
ton had exercised pohce duty in a disputed territory was held to be 
decisive only if it had been effected witii the full Imowledge of the 
other claimant canton ** However, the court will confirm a bound- 


thst thu u by no meuia an eataUnhed prmaple of mtamational law, but partic- 
ularly aoitcd to individual property relatuna and to the rioae relationa between 
states of a federal as^tem The general rule on division of boundary lidns and 
bays IS to follow eithm tiie thalmg or, if there be no mab navigable ohannel, a mid- 
line Iiettwwm v Afuatssippt, 902 V B 1 (1006), tfmneseta v ITtseoimn, 
262 US 278 (1090); NewJtntyv Mavmrt, mVB 861(1034); Wuammv 
Jl/tehigan, 206 U S 466(1086), BoUe, Arnold, />asiiilsri»n<wialsl{eejU(C8iftteattX- 
lew’Fonda, 1007), p 48 

>• 8wuA V Mtafflwmn, 1007, 88, 1, p 687. « /bnl, p 604 

^ QrmAandm v Tmin^ 1892, B 8 B,XSfPP 673, 686 To the seme effect, 
in Zuneh y ScAc^^usen, 1807, EM B , 28, II, p 1460, the sdaintiffs had gmuted 
concessions for waterworks on a portion of the BUne clamied by the defendant 
The court hdd that sudb limited acts of encroachment on cantonal sovereigiity, 
although tolerated, on not sufficient to be treated as evidence of a tadily effect^ 
modification of the bounduy. 
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ary line accepted traditionally for more than a century and a half Iqr 
popular opinion and the authonties of the two cantons concerned." 

If a boundary nver is not navigable, the imaginary Ime as a rule 
runs down the middle of the nver, equidistant from the banks and 
following all turmngs of the border hne of both banks of the river 
This rule, laid down by Grotius and endorsed by Vattel, was modi- 
fied at the beginning of the nmeteenth century by substituting, in 
deahng with navigable nvers, the middle of the main ^ip channel 
or thalweg " These principles are based upon a recogmtion of an 
equality of right, on the part of the riparian states, of access to and 
use of the waters of the stream In the Umted States a laige propor- 
tion of boundary nvers are navigable, and the Supreme Court has 
uniformly apphed the thalweg pnnciple, except when the terms of a 
grant or treaty, or equity, require the court to follow a different 
boundary line " Where there are two or more important channels 
in a nver, as is true of the Columbia River between Wadungton and 
Oregon, the court has ruled that a change m their importance by 
gradual filling of one channel would not act to change the ongmal 
boundary designated as "the middle of the north channel In 
accordance with a pnnciple recogmsed m Roman law, a gradual 
change in the mam channel by accretion will carry the boundary 
with it in the mam channel, but an avulsion or sudden change m the 
course of the nver does not result m Ibe bounilary following the new 
thalweg It remains m the center of the former mam channel of 
navigation Islands which change aides of the nver throu|d^ a shift 
m the OuAweg by avulsion remain under the jurisdiction of the same 
state as before ^e change " 

All these claims, it should be noted, are subordinate to a right 
established by presenption and acquiescence This was the issue m- 
volved m a decision of the Supreme Court m 1940 m ArhoMoe v 
Tenneeeee Chief Justice Hughes, speaking for the court, said. 

The rule of the Oialmeg reete upon equitaUe eooaideratione and la intended to 
aaleguard to each State equahty of aoeeaa and ryfat of navigation m the stream 

* Appenedt-auuer-Bhoden v 3t OaU, 1895, , 21, p 967 

* Oppenheim, op n< , 1 415-415; E^rde, Qiailes Cheney, /ntomotional Law 
(2 vols ; Boston, 1922), I 242-249 

* /oun V lUmow, 147 U 8 1 (1898); Lemtkma v Mtmmptn, 202 U 8 
1 (1906); Handly'i Lessss v Anthong, 5 Wheaton 874(1820) 

» Washington V Oregon, 211 US 127(1908) 

** Aritonsas v TermoMW, 246 U 8 158(1918) 

* Mwteun v JContuoliy, 11 Wallace 805(1870) 
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The rule yielde to the doctrme thet e bounduy Is unaltered fay an avulaion 
and m such caae, m the afaeence of preeonption, the boundary no longw fdknra 
the thalweg faut renuune at the onginal line although now on dry land beeauae 
the old cfaiannel has filled up And, m turn, the dootnne aa to the effeet of 

an avulsion may beeomo inapplicable when it la eataUiafaed that there haa bem 
acquieaoenoe m a long-continued and uninterrupted naacrtion of dominion and 
jurisdiction over a given area " 

The same pnnciple has been appbed in the Umted States to bays 
and gulfs to delimit offshore jurisdiction of two adjoining states ** 
However, if there is no clear navigable diannd and commerce may 
ply over most of the lake or bay, tiie pnnciple of equahty of right 
demands the drawmg of a boundary equidistant from the ebores 
rather than a crooked line connecting pomts of greatest depth** 
Similariy, where free navigation for both states has been guaranteed 
in a boundary-river convention, the purpose of the thalweg rule is 
lacking, and the boundary follows the middle of the nver ** It will 
not be altered by an artificiid straJi^tening of the channel 

The nvers of Switzerland are nonnavigable, and the boundary 
has regularly followed the middle of the nver, unless, as frequently 
happens, definite grants, treaties, or early arbitration decimons give 
jurisdiction over the whole river to one of the nparian states** 
Thus, in a suit between Zurich and Schaffhausen, the defendant can- 
ton was given sovereignty over the entire Bhme m a certain sector 
m accord with a Confederate award of 1655 ** 

Where the bed of a boundary river is made a part of the temtory 
of one of the boundary states, the line will extend at least along low- 
water mark on the opposite ai^ of the river ** This is to be measured 
at the ordinary water level, not in penods of spring flood or great 
drought If the designation reads the “banks” of the river, the Ime 
will be drawn at the pomt where well-defined banks are evident or 
where the vegetation ceases ** 

•• 810 U,S 868, 871 <1040) 

*« JIfuwMWte V FweoiMm, 268 U S 278, 282(1020) 

* Louitiana v Miuimppt, 202 V 8 1 (1006), New Jonty v Ddaamt, 201 
US 861(1084) 

e Georgia v 8o«<8 Carolina, 287 U 8 616 (1022) 

” Zurteh v SAaghauioR, 1007, £8 A, 88, 1, p 687. 

* v Ztmek, 1807, B SB, 28, IX, p 1406 

* HaaHhft Lowoe v Aoihamy, 6 Wheaton 874 (1820), Indiana v IToniuefey, 
186 U 8 470(1800); YtmaiA v Now HampBun, 280 U.8 808(1084} 

** Alabama v Georgia, 28 Howwd 606 (1880); GUoAoma v Toaat, 200 UJ3. 
606(1828) 
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In determining a boundary on land or water the primary duty 
of the court is to follow the boundary defined m the constitution, 
treaty, or federal law, if this can be clearly ascertained, and not to 
determine what the boundary ou^t to be on eqmtable punaples " 
Where the terms are obscure the court will endeavor to determme the 
original mtent of those who defined the boundary, by an examination 
of contemporary documents and historical materials and according 
to the memory and eye-witness accounts of old settlers and from 
maps The I^vy Council was aware in the Labrador boundary 
dispute that too great weight should not be given to official maps of 
the claimant state drawn smce its claim had been set up A map 
may be made a part of a treaty, but an error m locating natural 
features on the map upon which a boundary is based will not prevent 
the court from correcting the line when the true location of the nver 
or mountam is ascertained ^ 

Natural boundaries along a mountam cham or watershed are ac- 
cepted in mtemational law unless altered by treaty or prescription ^ 
The Judicial Committee apphed the prinriide of the line of the water- 
shed in determinmg the Labrador boundary between Newfoimdland 
and Canada m absence of any more reasonable criteria to be found 
m the acts setting up governing jurisdiction over the coast ^ On 
the other hand, the Swiss Tnbunal in Appenedlrauuer-Bhoden v 
St OaU, 1896, rejected the peak of the Sftntis as a boundary m the 
face of a showing of long recogmtion of a boundary extending over 
that peak. 

It la clear that m the proaent oaae we can not pninanly take the natural topography 
into oonaideration, but that we muat rather attadi a pieponderatmg importanoe 
to the exeroiae of aovereign acta, to traditional poaaaaaum, etc In fact, deviationa 
of the pditioal boundaiy from the natural one frequently occur Partioulaify m 
mountainoua regiona deviationa of the pohtical bounds^ occur from the water 
aheda • 

Altiiou{^ not directly raised between states, a more recent 

problem of boundary jurisdiction involving international law has 

* 

Visootiiit Cave In re Labrador Boundary, 1927, Fnvy Couaoil, 48 T luR. 
298 

UnUadSUdur Texas, mVB 1(1890) 

« Oppe^iheim, op 1 : 417 A claun to territory based on oecupation may 
be held to extend to the souroes of all nvers eatqptying within that coast Moore, 
Jc^Basoetti A International low (8 vc^ , Washington, 1906), 1*203 

** Be Labrador Boundary, ^ T L XL 289* ^ E£ B , 21, pp 967, 972 
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resulted from the claims of certain Amencan states to jurisdiction m 
the open sea beyond the traditionally recognised three-mile limit of 
temtorial Vaters Though the Umted States adheres to the three- 
mile limit, Louisiana, Alabama, and Mississippi were admitted to 
the Umon with boundaries designated as three, six, and six leagues, 
respectively, offshore ^ The Louisiana legislature in 1938 passed an 
act extendmg the jurisdiction of that state twenty-four miles into the 
sea beyond the three-mile limit The purpose of the act was ''to 
declare the sovereignty of Louisiana along its seacoast and to fix its 
present seacoast boundary and ownership ” Further, full sovereignty 
was claimed over the waters, beds, and shores of the Gulf within 
these boundaries The reason for this and similar legislation proposed 
in other coastal states is the wish to gain control of and assort the 
state’s ownership m the sea bottom should oil be discovered there 
It IS settled m the United States that the marginal sea is an 
integral part of the state, subject to the right of mnocent passage, 
and that the state can define its boundanes on the sea within what 
are generally recognised as terntonal limits of states by the law of 
nations ^ A conviction has been had under the Flonda law of 1917 
regulating the takmg of sponges to a distance of ten miles offshore 
Claims of property m the ocean floor have been made and success- 
fully asserted m several instances, such as that of the twenty-mile 
area of pearl banks off the coast of Ceylon ^ These rights seem to 
have been acquired by occupation and use and confirmed by acqui- 

^ 2 Stat 701, judicially reoognued in Louiatana v, Mtsnanppt, 202 U S 
1(1006), 8 Stat 848, 3 Stat 480* Also, Flonda’s Constitution of 1868, setting a 
mantune limit of three leagues, was accepted by Congress whan that state’s 
representatives were readmitted alter the divil War 16 Stat 73 
Louiwna Omerd Staiutet (1088), No 65 
^ MoftuhuUr V. 3/aaaaditMetti, 139 US 240(1800), Oppenbeun, op ci<, 
4th ed , ed McNair (2 vols ; New York, 1028), I, Section 1006 

^ Fepe €tal y Blamtm a/ , 10 F Supp 18 (1036), but cause remanded 
with directions to dismiss for want of statutory juns^ction, 200 U S 521 (1087) 
The Flonda (Tonstitution, accepted by Congress when Florida repreaentattves 
were readmitted m 1868, set a thre^league limit for territonal waters In 
iSktrtotos V 197 So 736 (1040), the state Supreme Court held that it was 
a reserved right of sovereignty for a state to extend its boundary beyond one 
manne league, and that nothing b the law of nations forbade it The Supreme 
Court of the United States evaded the territcnrial issue and settled the case on 
the ham of the pereoiud relationship between sovereign and subject Lamhtns 
SktnoUa V JStata cf Flondat United States Supreme Court, 1041 Term, No 658, 
L Ed , Advance Sheets, p 824 

^ Oppenheim, op eH (see note 16), 1*494 n 
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eBcenoe If the bed of the sea beyond the three-mile limit is res 
nvlhuB as some have claimed, it should be subject to this effective 
physical possession 

The three-mile limit, chosen because it was the approximate 
range of a cannon shot m 1702, is seriously open to question today, ^ 
and IS frequently circumvented by settmg up wider zones, such as 
the one hour’s sailmg distance in the liquor treaties and special 
customs’-enforcement zones However, while the Umted States 
Government asserts as against other nations a three-mile limit on 
the closed sea, the assertion of nght to twenty-seven miles by a 
member state may well prove a source of embarrassment There 
seems no reasonable basis for believing that the three-mile belt of wa- 
ters which surrounds the United States suddenly widens to nine miles 
off the coast of Florida It is equally unreasonable to maintam that 
one of the states exists with part of its territory beyond the bound- 
aries of the Union This also raises the question whether or not a 
state by acquinng territory independently can enlarge the territory 
of the United States Could the state enforce its jurisdiction against 
a citizen of a foreign country who drills for oil in the bed of her 
territorial sea? The implications of this problem are far-reachmg 

It is quite evident that there is a marked uniformity among the 
different federations and different legal systems on the basic pnn- 
ciples of law which shall guide boundary settlements, and that these 
all conform closely to generally accepted pnnciples of mtemational 
law, which in turn have been markedly influenced by Roman-law 
concepts Preeminent weight is given m each case to the terms of an 
original grant in treaty, charter, or constitution, the methods of 
weighmg evidence to discover the intent being similar to those used 
m most courts of law, domestic or international Acquisitive pre- 

« See Binghfun, Joseph Walter, Report on the IntemaHonal Law of Pacific 
CoaeUd Fuhenee (Stanford, 1038), Fraser, Henry 8 , “The Extent and Delimita- 
tion of Temtonai Waters,” 11 ComeU Law Quarterly 458 (1925-26) 

^ Since 1700 the United States hae enforcedva customs' administration zone 
extending tvelve miles outward from the ooaat TVesties providing for seizure 
of vessels emugi^ing mtoxieating liquors withm one hour's sailing distance from 
shore were negotiaM with sixteen nations in the 1020*8 The Anti-smug^ing 
Act of 1035 empowered the President to proclaim a customs’ enforcement zone as 
far as sixty-two miles from the coast f^bhe Act No 238, 74th Congress, 1035, 
Hearings before the Committee on Ways and Means, House of Representatives, 
on H R 5406, 74th Congress, Ist session, 1085, Jessup, Fhihp G , “The Anti- 
smugglmg Act of 1035,” 31 Am Joum Internal Law 101*105(1087) 
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Bcription and long acquiescence is generally recognised as a strong 
determining prmciple of ownership, althooi^ the penod, the suffi- 
ciency of evidence, and the wei^^t given to it is somewhat more 
restncted in Swiss law than in the law of the other federationB, 
where the international-law standard for the rule of prescription has 
been adopted. The courts in all federations will resort to international 
law when it proiddes an applicable rule and th^ will adopt that 
rule into mterstate law, mo^ymg its apidication when necessary to 
achieve substantial equity. The court of no federal state has set 
itself up as a tnbunal to dispense equity apart from law, but the 
flexibihty of rules of law has generally permitted the equity de- 
manded by sound jurisprudence Finally, the very substantial con- 
tributions of positive practice which federal courts are addmg to this 
phase of mternational jurisprudence should prove a step m the 
direction of mternational order under law 

UNivaBaiTT or Mabtland 

CouuiaB Pabx, Mabylaio) 



THE REACTION TO SOCIALISM IN 
AMERICAN PROTESTANTISM, 

1880-1900 

MAURICE C LATTA 

S ocialism had long been a familiar feature of Uie American 
scene, ^ but the impact of ahen and more aggressive philosophies, 
m the eighties, aroused Protestants as to something novel Socialist 
and anarchist agitation reinforced the concern evoked by the de- 
velopmg “trust” movement, the growth and increased vigor of labor 
organisations, and the first evidences of the “new” immigration* 
The great railroad strikes of 1886 and the Haymarket Square bomb 
explosion in the same year were events too portentous to be lightly 
regarded 

But the socialism upon which Protestant churchmen bent their 
gaze m the eighties was not clear-cut or defimtive Dos KaptUU 
did not have an English translation until 1887, it was to be much 
later before it would become the “Bible” of socialists and the fount 
of “party-line” orthodoxy • Qronlund’s Co-operatwe CommontoeaUh 
vn lU OuUtnes, tlie English translation of de Laveleye’s Soculttm 
of Tfhday, and John Rae’s Contemporary Soetaltm, which appeared 
together m 1884,* were more widely read and accepted by Protestants 
than was Marx. 

One of the earhest expressions of Protestant opimon came from 
the Reverend T Edwin Broiyn, pastor of tile First Baptist Church 
at Frovidence, Rhode Island. In 1886 the Reverend Mr Brown 
published a volume of pubhc addresses on issues of the day under 

* See the many tebgioua oommuiuetie oonuMinitiee and the euiy vogue of 
Fouri(tfiat a^ Owemte theonea, aa deeeribed by Fled E. Haynes m SoeuU 
Pohhu* Ml (he Untfsd Stoles (Boston, 1924), pp 99-42 

‘ Latta, Maoiiee C , “The Baekgrouiia for the Social Gospel in Amenoan 
Protestantiam,” Chtireh ffutory, S (1986) 256-970 

• rheShctoilcpedMeflheSeeiafScMmsee.Vti X (New York, 1985), 172-178 
* Qronlond, laureno^ The Co-operatm CmmonmalA mi /Is OuSuiee (Boa- 
ton, 1884); deLavelaye, Emile, Soaabtm tf To-day (London, 1884), Rae, John, 
Cesismporery Soemliem (London, 1884). 



640 


Maunce C Laita 


the title Stvdies in Modem SocuUtem and Labor Problemt Seven 
of the fourteen chapters dealt vnth socialism, m these the author 
presented m popular form and fairly sympathetic manner a sum- 
mary of the socialist position as he saw it The socialists begm, 
according to Mr Brown, by claiming fbat the Industrial Revolu- 
tion brought only suffering where it should have brought happmess, 
and that modern workingmen are “wage-slaves,” to whom their 
employers acknowledge no responsibihty beyond the payment of 
wages “Free contract,” he wntes, “between employed and em- 
ployer IS a delusion The freedom is all on one side It is the free- 
dom to buy in the cheapest market without a rorresponding right 
to sell m the dearest market The supply of labor is more than the 
demand ” The author then goes on to state the socialist claim that 
the profits of the capitalist arc “fleecings” (the term used by Gron- 
lund), end to present the sooiahst denunciation of the press, the 
pulpit, and the bar as accomplices of the capitalist robbers The 
economic theory of socialism, that “Labor is the foundation of all 
value” and that “the produce of labor constitutes the natural recom- 
pense of labor,” he finds to be denved from Adam Smith, “without 
regarding any of the explanations and qualifications of the state- 
ments, even those which Smith himself made ” Capital, by virtue 
of its “fleecmgs” from labor, and throuc^ the operation of the 
“iron law of wages,” is said to be enhancmg its position, with the 
result, in socialist claims at any rate, that the nch are growing richer 
while the poor are growing poorer and more numerous and the 
middle class is tendmg to disappear * 

Brown’s analysis was clear, but his presentation of the positive 
program was not so well done He attempted to define two schools 
of socialists, the “Anarchist-Socialists,” who would reorganise so- 
ciety on the basis of autonomous “communes and townships,” with 
equal pay for equal time spent in labor, and with mon^ to be 
abolished and replaced by "labor-notes,” and the “Labcw-Socialists,” 
whose program, as he described it, was condensed almost whcdly 
from Gronlund ' Clearer pioturee of somahst aims were, however, 
soon drafted,’ and a vehement and wide-ranging debate followed 

* Studui m JUpdtm Soeultm and Labor PnMtm (New York, 1886), pp 
81-48 

* Ibid , pp 47-88 

' Sae the addn* fay David Jayne HiQ, PNeidmt of Lewiebuig (BudmeU) 
Univamty, LewhAnug, PanaqrlTuua, pubUehed m Tka BajM CoHgrtm for lk$ 
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There was some disposition, which was encouraged by various 
socialist wnters,* to welcome socialism as ^‘sprung from Chris- 
tianity ” • But this tendency, whether among socialists or church- 
men, was not typical, and come m for sharp condemnation Henry 
van Dyke wrote, with heavy sarcasm, of '*the communistic doctrine'’ 
which 

« of late yean has laid aside the red cap and put on the white cravat 
It quotes Scripture, and claims to be the fnend, the near relative, of Christianity 
So altered is its aspect that preachers of religion are discovenng that it has 
good points, and pattoig it on the back — somewhat timidly, as one might pat 
a converted wolf who h^ offered his services as a watch-dog 

Even friendly observers referred to the “atheistical and material- 
istic” nature of “current socialism” and lecognized sharp lines of 
cleavage between Christianity and socialism 

At this distance the nature of the distinctions as the churchmen 
developed them is somewhat surprising The antinomy most widely 
accepted by the clergy was a reflection of the tendency to regard 
the socialist goal as a rigid autocracy, orgamzed upon doctrinaire 
principles After two decades of debate Washington Gladden sum- 
manaed these objections as follows 

1 have read many arguments to prove that mdmduahty could be properly 
conserved and develop^ under a regime of common projierty — a regime in 
which individual ^te^pnse was practically forbidden — but they have nut con- 
vinced me 1 am as sure as I can be of anything which has not lieen fully demon- 
strated by experience that the extinction of pnvate enterprise — the complete 
nationaluution of all forms of mdustry — would result in a distinct reduction 
in the mtelleotual and moral force of the people 

Gladden’s testimony is weighty, not only foi his own position, 
but also as a very valuable guide to prevailing ideas He was not 


Dtseauum qf Currml QueshoM (hereafter cited as The Bapltst Conereae) (New 
York), dthfiession (1880), p 24, Andrews, E B , “Socialism,*' Hartford Semtnary 
Record, 4 (1884) 132; Bliss, W D P , A Handbook afSoctaltem (London, 1895), 

* Cf a passage from de Laveleye quoted by Washington Gladden in “Chris- 
tian Sooudi^” NaHoaal CosgregaUoiuil Council, Mtnutea (1889), p 341 

* Bliss, op ct( , p viii 

^ “Ch^uuuty and Communism,’* Forum, 4(1887) 299 
Moxom, P S , pastor of the First Baptist Church, Boston, as reported 
in The Bapifsf Congress, 6th Session (1886), pp 42-43, Andotfer Reoieio, 12 (1889) 
210-319. 

u Chriehanite ond Soeiahem (New York, 1906), p 126 
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original, but tended in his writings and in his conclusions to reflect, 
very faithfully, the ideas of others There is abundant evidence, 
moreover, that Gladden was here m the mam stream of Protestant 
opmion The Chrtattan Register, for example, charged bluntly that 
“State socialism is a conspiracy not only to destroy individualism, 
but individuahty as well ” ” The Episcopalian Churchman echoed 
the charge with the added declaration that “this is essentially op- 
posed to the Chnstiamty of Christ ” “ 

Independent of any conception or misconception of the sorialist 
program, Protestant churchmen in this period put a high value upon 
mdividuahsm E B Andrews but voiced a common attitude when 
he said “Personal liberty and the opportunity for untrammeled 
individual development are the best products of civilisation Any 
proposition toward social change which jeopardizes these will, and 
deservedly, sink of its own weight, however much promise of mere 
animal comfort it may have to recommend it ” ** Appealing to 
history, George Willis Cooke declared 

In BO far as the modem world is Bupenor to the aneient world, the supenonty 
IB due to the growth of mdividuahem Soeialnm ib simply a “survival in 

culture ’* It IB an attempt to realize at the present day what the whole of modem 
history has condemned All the progress which the woriid has made during the 
last 2000 years has been the residt of growth away from the methods and the 
principles of socialism ** 

An outspoken Congregational layman, who was by no means un- 
friendly to the social movement m religion, mamtamed “If we lose 
sight of mdividualism, we shall have again the unsolvable problem 
of how to make a social paradise out of indmdual sinners, how to 
create a perfect whole out of imperfect units ’’ ” 

The emphasis thus mdicated upon the mtrinsic value of m- 
dividuality is certainly central to Chnstaan standards, and not 
necessarily alien to socialist ones But the churchmen tended to 
go beyond these arguments for mdividuahty and to make claiins 
which are not so certainly referable to Christian ideas, but vriiich 
smell more of the nineteenth-century market place Passing from 
his appeal to histoiy, for example, Cooke went on to declare “We 

** The Chrteltan Beguter, 72 (November 28, 1808) ’ 787 
u The Churchman, 75 (January 23, 1887) • 118 
** “Socialism,'' Haiiferd Smtdrury Reeerd, 4(1884) . 180 
“SMwlism in the Light of Histoiy," Andaeer Beetew, 14 (1800) . 248 
u Holbrook, Z Swift, “avic Refonn," BOOulheea Saera, 55(1808) 182. 
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can never do away with the stimuhu of individual motive or the 
energiaing power of personal necessity ” ” The Chwehman was 
positive that, “If Socialism were realised, it would merely mean 
the death and dissolution of society Society without the effort 
and competition of individuals would result in a recurrence to bar- 
barism ’’ Miss Vida Scudder, no enemy of social reform or of a 
social emphasis in religion, predicted harshly that, in a socialistic 
society, “ People will no longer be forced to work by the stringent 
fear of starvation, thus they will not work at all We shall end by 
producing a race of dead-beats virtue, as we now conceive it, 
will cease to exist Courage, endurance^, industry — the militant 
instincts — will have no room to play m ” 

Such ideas are understandable in the light of a conception of 
socialism which could refer to “the slavery of this socialistic theory, 
according to which the Government was to wake up private citiscns 
in the morning, dress them and make them say their prayers, trot 
them round durmg the day, and at night put them to bed, and then 
take away the candle ” But even a grotesque misrepresentation 
of socialism is not enough to explam the strange phenomenon of 
the Christian commentator accepting the idea of selfish mdividualism 
as a necessary element in society When we recall that the Church 
had been immersed for centuries m a society whose preyaihng social 
temper had been a glorification of aggressive, even ruthless, mdi- 
vidualism, it is not surprising that some voices among the church- 
men echoed the ideas of their environment and denounced an 
ill-understood sociahsm for menacmg those egoistic wellspnngs of 
individual activity which they had been taught to regard as the glory 
of their age and country But the influence of the social environment 
will not alone account for the uneasmess with which the leaders of 
Protestant thought observed the potentialities of socialism The 
type of character favored by American Puritanism — the shrewd, 
ambitious, hard-working, responsible, self-denying mdividuahst — 
had not arisen out of the simple compi^on of need, greed, and 
ambition Puritenism had contributed ito portion to the makmg 
of that character, although there is no agreement as to the wei^t 

^ Op ett,p 268 

» TKe Churchman, 78(1807} 8 

* “Sonialism and Spiritual Progress — a Speculation," Andoerr Renew, 
16(1881) 61 

Wayland, H L , as quoted in The Bapbet Congress, 4tiiSession (1888), p 20. 
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of its influence Yet now, in an age when the drama of tiie soul 
before its God (a Calvinistic concept) had lost its tremendous fas- 
cination and could no longer afford vital force to ethical precepts, 
those simple egocentnc elements, need, greed, and ambition, com- 
bined with social tradition, might be relied upon to conserve that 
favored type of character But what of the future if this new scheme 
of Kociahsm should become operative? Could the Puntan character 
survive — its ideal world in rums at the feet of tnumi^ant science 
and democracy — if society should come to condemn self-regardmg 
motives and cgoLstic achievement’ 

In their attitude toward individualism the churchmen were not 
wholly consistent They rejected an immoral mdividuahsm m eco- 
nomics, ** yet they were prompt to defend the values of mdividiudity 
against the presumed penis of socialism A few persons were vio- 
lent in their opinions, but the most capable spokesmen for religion 
took a middle position Gladden, for example, explamed sodalion 
as the reaction agamst “unsocialism,” or exbreme mdividuahsm He 
regarded scientific socialism as extravagant m its program of re- 
stnctions upon personal property and hberty, but he recognised 
the excesses of individualism as affording a justification for this 
attitude "Individualism,’' he wrote whimsically, “was a good club 
wherewith to fight feudalism, it is a bad cornerstone whereon to 
rear society ’’ Lyman Abbott declared bluntly that “mdmdual- 
ism is the characteristic of simple barbarism, not of repubhean 
civilisation An obvious basis for a moral reconciliation with 
socialism was afforded by one wnter with the remark “Whoi the 
law IB ‘Kvery man for hunself,’ the Devil gets the foremost as well 
as the hindmost ’’ ** 

What the churchmen wanted was a society m which “the Devil’’ 

*> Tlip works of Tawiiey, Trueltach, Weber, end Bombart are eonoemed 
primarily with the Puntan in Europe For eepe^ attenUon to Amenoaa Pu- 
ntanism see, among others, Luooook, Halfiml £ , /stut and tiu Ammecm Utni 
(New York, 1930), Chap III 

** Latta, Maunce C , “The Thought id Protestant Churohmen oonoeraing 
Social and Economic Problems, 1890-1914’’ (MS, 1% D d i sse rt ation, <Nuo State 
University Library, Columbus, Ohio, 1930), iqi 300-319 

M “Socialism and Unsocialism,’’ Forum, 3 (1887) * 134 

** This opinion was written m 1866 and reprinted, as stin his own, m his 
BernmuemM (I^ton, 1916), p 440 

M Chalmers, Andrew, “'Die Growing Socialism,’’ BMta^eea Awns, 69 
(1903) 367 



Readwn to Sodaltsm in American Pr<AeeUinJtum 645 

would have slim pickings, and they feared that socialism mic^t 
undercut the foundations of Puntan character and restrict oppor- 
tunity for moral development As Gladden put it m a vigorous 
early attack upon socialism “The Bible asserts and defends the 
freedom of every man, it suffers no mvamon of his personahty, it 
clears wide spaces all about him, and cnes aloud to tyrants, hier- 
archs, demagogues, 'Stand aside! Give this man room to aork out 
his own salvation ’ " ” 

Not that the Protestant theologues had much confidence in the 
men for whose freedom they were contending They were not yet 
humanists, although some of them might be on the way toward 
that extremist’s bourn To be sure, they were beginnmg to develop 
a “social gospel” which was ultimately to have as one of its premises 
the need of a Christian society for the hving of a Christian life, vet 
there was, before 1900, httle or no support in the churches for the 
idea that reform alone would be enough Socialism, wrote Brown, 
“ would seek to change characU.>r by changing condition, instead of 
changing condition by changmg character Here is the root fallacy 
of the Socialist’s demand ” ** Even tlie radical George D Herron 
subscribed to this position with the declaration “A wrong social 
system can be succeeded by a just social order only through a right 
social spirit, we cannot have the order first and then the spirit, 
the just order must be the fruit of the spirit ” ** 

'The churchmen, although cntical of the excesses of selfish m- 
dividualism, were bound to look with a pessimistic eye ujion any 
plans for bmlding a new social order with “the old man ” They 
believed that the old society functioned, even if creakmgly, because 
personal need and other egoistic motives drove men to work But 
could a society be expected to prosper where such motives no longer 
operated? Gladden, for example, held that there were too many 
malingerers and idlers m society for socialism to succeed ** Social 
malingering he apparently regarded as Bomethmg mherent in human 
nature. Yet he thought it possible to teach men to “put love mto 
their work if we only teach them that every honest work ought to 
be a labor of love,” and he looked forward to the day “when we 

” Published m the Magmnt tif ChntOm iMunture (New York) for January, 
18B1, and quoted in Yhe lAterary thgut, S (Jamiaiy 10, 1801) 287 
■ Op.eA,p 85 

* "Socud Regeneration,” Chanbet Bantu), 4 (1806) 208 
» Ohiutumity uni SoeuUtm, pp 111-112. 
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shall have here upon the earth a real chivalry of labor, workers of 
all ranks and callings who love to work not merely for the stipend, 
but also for the joy of service ” ” But the tone of his comments is 
skeptical rather than confident, and m this, as in other thmgs. 
Gladden was in harmony with his contemporanes Pessimism with 
regard to human nature was definitely stronger and more apparent 
before 1900 than it has been since that date L P Jacks, m full 
rapport with the Christian sentiment of kis day, could write m 1928 
of making the sense of trusteeship or “the high traditions “ of a 
possible social service the basic and dynamic factors of a new so- 
ciety,” but such optimism would have been unacceptable to Prot- 
estants before 1900 

Someone might well mquire into the reasons for this difference 
The obvious answer would seem to be that Jacks is a generation 
further than Gladden from a time when the doctrmes of Original 
Sin and Total Depravity had been accepted without reservation 
But obvious answers are sometimes disconcertingly wrong It would 
be mterestmg at any rate to mquire whether the growth m Protes- 
tant confidence has an3rthing to do with the philosophy of Koyce, 
with Stanley Hall’s studies in morale, and with the promise of pro- 
gressive politics 

The churchmen before 1900 could still entertam low conceptions 
of human nature David Jayne Hill, for example, m the course of 
an attack upon socialism, argued that invention, artistic achieve- 
ment, even the services of the pulpit — “imagine yourselves preach- 
ing your fifty-dollar sermons for seven time-dollars a week” — would 
fail under the socialist scheme, which he assumed would entail 
equality of rewards ” (Here is a lower order of economic detenmnism 
than any that Marx posited ) 

But the churchmen saw themselves as aiming at a different goal 
than the socialists “The Socialist,” wrote Lymui Abbott, “puts 
improvement of condition first, both in time and in importance, 
and the Christian disciple puts the improvement of character first, 
both m time and m importance ” ” An attempt to exploit this 
divergence as a basis either for alliance or mdifference may have 

^ ChruttanUy and Sactahm, pp* 174, 175 
** Camtruetws Cttttemhtp (Qaiden City, 1928), pp 09-100, 17^188 
" Reported m The BapM Cengrme, 4^ Session (1886), p 26 
** Is Chnstiaii^f” Arena, 8(1800) 40 
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underlain the extremiet editorial of the Churchman which declared, 
“SocialiBm, properly ao called, has nothing to do with moral rela- 
tions It IS solely and purely a matter of economics, and ultimately 
of pohticB But Christianity has got nothing whatever to do with 
economics or politics excepting so far as they concern the moral 
attitude of the mdividual* ” " This was far enough for Dr van 
Dyke, who proclaimed 

a fundamental and absolute diiferance between the doctnne of the Bible 
and the dootnne of the oommuniser For the Bible tells me that I must deal 
my bread to the hungry, while the communiser tells the hungry that he may 
take it for himself, and if he begins with bread there is no reason why he should 
draw the line at cake The Bible teaches that envy is a sin, the communiser 
declares that it is the new virtue which is to regenerate society The commumser 
maintains that every man who is bom has a right to live, but the Bible says 
that if a man will not work neither shall he eat, and without eating life is diffi- 
cult " 

This pasHago of Dr van Dyke’s comes closer to an explicit attack 
upon the doctrme of the class war than any other found The most 
surprising feature of the Protestant reaction is the silence on this 
pomt Neither the class war nor economic determmism was the 
subject of any vigorous attack by clerical critics In the bogmmng 
the silence was probably due to the prevalence of non-Marxian 
forms of socialism, although the Amencan Protestant tendency 
toward activism rather than philosophic speculation doubtless oper- 
ated in the same direction The synthesizmg tendencies which were 
so strong before the War led the churchmen to stress the moderate 
and reformist aspects of American socialism ^ 

Lack of concern for the doctnne of the class war is the more 
surprismg m view of the sharply expressed repugnance of Protes- 
tants for the use of force m labor disputes ** For explanation of this 
discrepancy we must agam fall back upon the nonspeculative ten- 

•• The Churehman, 66 (1807) 113 

** Op, eU , 804^6 See also Ptebody, F G , “Golomsation as a Remedy 

for City Poverty,” Forum, 17 (1884) *61; Gladden, Chrtaitantiy and Soctalum, 

p 61* • 

^ See the Preface to the 1914 reprint Gladden's ChrttUantiy and Saeudum, 
Chamberhn, Haine R , of Moigantown, West Vixginia, as reported in The Bap- 
fiM Conereee, 27th Sesuon (1900), p 49 

** Sm, for example, Bachelor, Geoige, ”11ie Revolt of the Majority,” Fo- 
rum, 1 (1886) * 616-^17; Whe^r, A S , ”The Labor Question,” Andover Be- 
msw, 6 (1886) ; 478; MaoVioar, D H , "Social Discontent,” Prssbytsrfan Asststs, 
8(1887) 262-281 
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dencies of Protestant thought, tendencies which were remforced m 
the generation after 1880 by a gathering aversion to the doctrinal 
elements in Christianity ^ 

In summary, then, the early reaction of American Protestants 
to socialism appears not so much hostile as aliumist In the light 
of evangelical conceptions of the nature of man the theologues 
questioned the possibility of a new society without new men, and 
they feared the effects which might result from a collectivist order 
— ilUimderstood by most of them — upon the Puritan character 
The philosophical elements of socialist thought meant little either 
way The much more emphatic reactions to other elements of the 
contemporary scene make it clear that, m the two decades from 
1880 to 1900 at any rate, socialism did not seem very significant to 
the articulate elements of American Protestantism 

Doand Colubou 

Cmts, Nbbraska 


^ See Hams, George, A CetUury'% Change in Reiti^um (Boston, 1014), pp 41 
ei aeq , Gladden, Recolleetuma (Boston, 10D9), pp 220-226, Abbott, StlhoueiUa 
of My Coniemporartea (Garden City, 1022), pp 218-214; Mathews, Shuler, 
*‘The Awakening of Amenoan Protestantism/' Conaiructwa Quarterly , 1(1018) 
102-116, CArMltan Renter, 76 (1896) 38 
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THE LIBERALISM OF PlO BAROJA 


NELSON W EDDY 

I T HAS long been tacitly asaumed as fact that Plo Baroja^ the most 
genuinely popular member of Spain’s so-called generation of 
’98/’ may be correctly refern*d to as a liberal Baroja’s identifica- 
tion of his own cherished attitudes with ‘*un hberahsmo extremo” ^ 
has confirmed the appropnateness of the term 

Recently, however, lus liberalism has been mooted in a critical 
study contrasting the attitudes of Baroja and Ricardo Le6n ^ The 
writer of the study, Mr John T Reid, very properly begins by 
attempting to arrive at a satisfactory working definition of ''hbcral- 
ism ” The Encyclopaedia Bntannica is first consulted and yields 
the following descnption 

Liberalism is a belief in the value of human personahty, and a eonviction that 
the source of all progress hes in the free exercise of individual energy, it pro- 
duces an eagerness to emancipate all individuals or gremps so that they may 
freely exercise their powers, so far as this can be done without injury to others, 
and it therefore involves a readiness to use the {lower of tlie State for the pur- 
poses of creatmg the conditions within which incUvidual energy can thnve, of 
preventing all abuses of power, of affording to every citisen the means of acquiring 
mastery of his own capacities, and of establishing a real equality of opportunity 
for all These aims are compatible with a very active {lolicy of social reorganiza- 
tion, mvolving a great enlargement of the functions of the State 'Fhey are not 
compatible with Socialism, which, stnctly interpreted, would Immsli free indi- 
vidual initiative and resimnsibility from the economic sphere ” * 

This defimtion, though unfocused m time, has the high virtue, I 
believe, of indicating the general objectives underlying any Hfx*cifie 
application of the term ‘*Iiber^sm " 

Mr Reid next traces the particular directions taken by liberal 
movements since Francis Bacon, especially during the nineteenth 
and twentieth centunes He tiien appAuses Baroja, chiefly with 
reference to modem trends, and finds his liberalism doubtful Those 

^ RapBodtae (Madrid, 1936), p 54 

* Reid, John T , Modem Spain and lAberahtm, a Study tn LtUrary Coniraata 
(Palo Alio, Calif Stanford University Press, 1937} 

■ Shicyehpaedta Rnfanntca, 14^ ed (1999), Xlll 1000a (under ‘‘Liberal 
Party”) 
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of his views which would bar him from the ranks of the hberals, m 
Mr Reid’s opinion, are numerous, and some of them basic 

For example, Baroja is temperamentally cymcal regarding the 
theory of progress, the great liberalizing shibboleth of tiie mneteentii 
century, and he questions the validity of rmaon as a dependable gmdo 
for tnankmd, thereby going counter to the philosophical direction 
given liberalism by the eighteenthn'entuiy French rationalists He 
disbelieves in the democratic theory of government, and in republi- 
canism, at least as concerns Spain In the recent war m Spain his 
position was somewhat ambiguous 

To this indictment against Baroja’s hberahsm, as drawn by 
Mr Reid, may be added an intense theoretical dislike of the Jew — 
evident in every work of Baioja — and a contempt for Latm Ameri- 
cans — a prejudice based on the representatives of the Western 
Hemisphere who travel in Europe, for Baroja has never crossed the 
Atlantic * With these illiberal attitudes, which would appear to align 
Baroja with fascistic or extreme nationalistic elements m Spain, 
may be contrasted his alleged disdam for the bourgeoisie,* a logical 
corollary of his mclination toward Tolstojwi anarchism 

In considenng a novelist who is so mtneately enmeshed m the 
ideological strife of our times, and who has confessed to several deep- 
seated prejudices, it might well be feared that his human portraits 
would ^ mutilated or distorted Has Baroja the artist transcended 
Baroja the theonser and cntic? 

It IS undoubtedly true that the most memorable and most 
sympathetically drawn characters in Boroja’s world are social misfits, 
who are lacking in enthusiasm for the same pomts of view as Baroja 
himself disdains His happiest creation is probably the famous 
Bilvestre Paradox* So close a kinship does Baroja feel with this 
eooentno mventor and scientist that he has even made his birth 
date the same as his own, December 28, dia de inocente$. Aviraneta 
of the MemoHoB series, Eliaabide the vagabond, PacM the cemetery 
caretaker who raises cabbages, the old cyme Tellagorri,* “hombre de 

* Sae the study by Trooonis, Gabriel Porras, “Un esentor espafld eontra 
los amenoanos,’’ Cuba Cmtemporiinta, 16 . 8fi2-gM 1918 

' See the study by Castro, Cnstbbal de, “Galerla de oontempordneoe Flo 
Baroja o el burgu6s autiburguds,” La Stfera, 12, Mo 677 1925 

• See the highly lUununatiiig essay by Ambol, Qande E , Paradox, Key 
(New York, 1987), pp xsxiv-xl and pa$nm 

' Bee the early ohapters of Soloeatn si ossnlwirs (Madrid, 1909). 
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mala fama y de buen coraz6n,” the more sophisticated frustrate 
Jo 86 LarrafUiga,* Andres the unhappy student of medicine,* all these 
supreme creations in Baroja’s gallery are the victims of social mal- 
adjustment — comic, pathetic, occasionally heroic 

The particular prejudices which might most senously distort 
Baroja's view of mankind and result m the delineation of absurd gro- 
tesques are his alleged antibourgeois sentiment, his dislike for Spanish 
Amencans, and his assured anticlencalism and anti-Semitism 

The first of these attitudes, revealed by frequent strictures against 
bourgeois narrowness and stupidity, is less fundamental and positive 
than Baroja’s other illiberal biases In the very earliest of his longer 
works. La caaa de Aizgom (1600), the figure of Manano, the woll-to- 
do owner of a foundry, rises to heroic proportions at the end of the 
somber drama Manano is nch, industnous, **un hombre honrado,” 
and genuinely considerate of women — for which latter trait he 
18 roundly berated by an hidalgo of the old school Physically, he is 
*^un hombre alto, de barba caatafia, espesa, un poco cargado de 
espaldas Tiene la mirada apagada, la nans corva, la sonnsa amable 
y tnste He is joyfully welcomed by a fnend's dog, which Baroja 
obviously regards as a favorable sign The picture is prepossessing, 
but not idealized 

If it be objected that La msa de Atzgorrt is rhapsodical drama in 
the grand manner and not typical of Baroja, let us consider the work 
by which he is best known generally, the famous ^*Struggle-for-Life'’ 
tnlogy (1904), with its murky background of slum life in Madnd, 
against which Boeialists and anarchists debate Here the person who 
holds together the domestic life of the unheroic hero, Manuel, until 
he shall have sown his mtcllectuai and amatory wild oats, m the girl 
called la jSobodora, one of the most winning of Baroja’s women 
She is tolerant of human wea|(neHses, but is unmistakably a home- 
maker, who wants a family and a good garden She is the embodi- 
ment of all the bourgeois virtues, yet so pervasive is her cliarm 

« 

* Protagonist of the trilogy Agmitut /Ir nueatre Uempo (Madnd, 1626) 

* Hero of SI drhol de la etenew (Madnd, 1611) 

Baroja*8 anticlencalism has not been mentioned earlier, among the author’s 
iUd>eral views, because Mr Reid, whose path I have been closely following thus 
far, conwiily regards it as a token of Baroja’s {tbero/ism, m the h^mcal hiatono 
SpMiish sense 

“ See £« ca$a de Ategam (Madnd, 1620 ed.)* PP 37-40, for these descriptive 
details 
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and quiet strength of character that when Manuel retumei from the 
funeral of his martyred brother, who died an apostle of anarchism, 
one feels that a peaceful and normally happy life awaits him with 
la Salvadora, whom he has shortly before married Indeed the whole 
third volume of the tnlogy (Aurora ro^a) shows Manuel himself 
gradually settling down into a rf'asonably quiet hfe as a mechanic 
and ImrguSsj as he is referred to by himself and by his fnonds, and as 
such becoming a steadying mfluimce on his brother and the latter’s 
asBociatx'S When the hurlv-builv of this monumental work of 
poverty, cnmmahiy, and radical reprisals has died away, the home- 
spun qualities of a p^iit bourgeois are discovered to have been given 
an adequate and just — though not glowing — representation 

This attitude of fairness toward the individuals of a class which, 
as a Tolstoyan anarchist, Baroja has ofUn\ enough fulminated against 
m the abstract, continues into the years following the establishment 
of the Republic of 1931 In Los vtstonanos (1932) the points of 
view and the constituency of the farm-labor cooperative groups 
supporting the Republic and holding their meetings m the Casas del 
pueblo are oViserved through the eyes of three automobile travelers, 
whose opinions are quite evidently those of the author While 
human and broad m sympathy, these opmions are middle-of-the- 
road, bourgeois This is not surprising, in view of Baroja’s equivocal 
position in the civil war to follow, but it is worth remarking that they 
are not essentially different from the ideas expressed by Manuel m 
the tnlogy wntten dunng the most turbulent and rebellious days of 
Baroja’s career 

Before we leave this section, an example of artistic integrity 
should be mentioniHl in regard to a character figunng in one of the 
most moving scenes from Baroja's latter-day novels This character 
is a tnarquSs, a member of a decadent anstocracy severely arraigned 
by Baroja m a work “ wntten as recejitly as two years before the 
novel in que^stion 

He 18 indistmguidiable from any wealthy bourgeois, and when 
first encountered is described as of ''gusto torpe y vulgar,” ** a phrase 

1* See I/M vmonartoa (Madrid, 1932), p 15 la Monarqula le ha paaado 
eomo a ia anstocracia no se legitimaba socialmonte por nada No sablan dar 
normas de humanidad ni iiquiera de eleganoia El monarca y el anstderata 
oobraban sub rentas, las gastaban o las guardabati y no dabon n^a en esplntu o 
en grama o en formas a la coleotividad Se van pues buen viaje ” 

u See nochss del Buen Eeltro (Madrid, 1934), p 204 
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one nught expect from Baroja, who, however, counterbalances it 
with ^*EntFc los amigos se lo consideraba alegre, ocurrcntc y ongi- 
nal ” “ After a period of cruel neglect, the Marquis' beautiful wife, 
Concha, finds a measure of solace and understandmg m the company 
of Jaime Thierry, a brilliant but erratic bohemian journalist, who 
falls madly in love with her Not having heard from Concha for 
some time, Jaime resolves to visit her at her husband's country 
estate From a certain distance he beholds Concha m the garden, 
peacefully sewing in the company of her two children and their nurse- 
maid Realizing that all is over between them, Jaime steals back 
unobserved to the road While he is brooding ther(% with his head 
resting in his hands, the Marquis appears Jaime is prepartd to be 
truculently defiant, but the Marquis invites him to retuni and talk 
with Concha and himself When the invitation is refused, the 
Marquis offers him his carnage to the railroad station and ends by 
removing his own topcoat and placing it on Jaime's back, lest he get 
chilled, giving him at the same tune a friendly pat on the shoul- 
der and telhng him he is a '^buen muchacho " Jaime is so affected 
by this unexpected kindness that he somewhat brusquely leaves the 
Marquis, for fear the tears m his eyes will be noticed The scene 
between the two men is handled with the utmost naturalness and 
sensitiveness — and yet the central figure is a member of a breed 
despised by Baroja, the Spanish plutocracy 

Concermng Baroja’s hostility toward Spanish Amencans, 1 am 
afraid nothmg can be offered to show the artist in him transcending 
the prejudiced thinker The Argentine visitors from America are 
viewed from a distance and superficially, m caf^s and salons, where 
they commonly conduct themselves (in Baroja's novels) in a presump- 
tuous, arrogant, and generally disagreeable mannei 

One concludes that Baroja Jias never known a Spanish American 
sufficiently well to afford him materials for the execution of a really 
intimate portrait 

Ibid t p 200. ^ For thw ecentf see tbtd , pp 300-302 

Baroja*BdiBlikeofam 0 rtoant(<MhaspwsiBt 6 dthrougbtheyoarBwithBcaroely 
diluted acidity, as the following comment from Vtinna pintoretea (Madnd, 1035), 
p 201, will ihow* “£n esta tUtima Opooa ban venido a mi casa tres o cuairo 
amencanitos con aduladCnes y aonnsas y luego ha visto uno que ban esento algo 
contra ml con ese fondo de mala voluntad un poco mm que hay en la mayoria de 
los esentoras hispanoamencanos A mi no me in^porta mucho que hablen mal de 
ml, peroleerunuisaltoyiecordarunaBonnsanoesmuygrato; daunaimpressidn 
tnste del hombre ” 
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The true touchstone of the abibty of the Spanish novehst to nse 
as artist above the prejudices of the theorist, will be his treatment of 
pnests and their associates, and of Jews, smco for these two groups, 
in the abstract, ho nourishes a deep-seated aversion Be it conceded 
at once that a considerable number of smug, ignorant, or evil priests 
are allowed a place in Baroja’s tertultaa and bne6y appear in his 
boardmghouses and at the council tables of corrupt pohticuuis and 
the meanly nch. Such clerics represent their class, as Baroja views 
it, and their appearance is not prepossessing It is also true that 
glimpses are caught now and again of pnests who are a credit to their 
office and to the human race.'^ 

As one is brought nearer, however, and becomes more and more 
conscious of the priest as a man, one may discover anything, as with 
any other human being To begin with, we are told that Aviraneta, 
to whose liberal machinations Baroja has devoted some twenty-three 
volumes (the number may still grow!), “no era de los anticlen- 
cales que tienen antipatia personal por los curas, aJ rev^s, se entmidfa 
bien con ellos Gondraondo [p&rroco de la anteiglesia de Gatica, en 
Viscaya] era hombre amable y servicial, un tanto satisfecho de sf 
mismo, como bucn viscalno Aviraneta y Gondraondo se hicieron 
amigos Pasearon juntos,” etc There are many Gondraondos 
scattered through the Memonaa senes, and the reader comes to 
know some of them very well 

A good example of Baroja’s seemmgly instmcbve tendency to 
balance the good and the bad, among pnests as among other classes 
of people, IS found in the story “La Can6niga”>* Sansirgue, a 
cathedral pemiencutno, is a hard, pushing, double-dealing mdividual, 
whose treacheries eventually bnng about his own discredit and violent 
death He is matched, however, as a representative of the cloth, by 
Don Victor, a chaplain of nuns, who plays an uprif^t and mtdh- 
gently humane rdle m the book As times become more troubled, 
Don Victor joins the forces of the Carlists,** a pohtico-rdigious fa(^ 
tion which Baroja deplores because of its reactionary brutalities, 

" For example, the Auguetiniana met on a boat In La tatreOa M eapMn 
ChmaUa (Madrid, 1880), pp 218 ff ; in the same paange praise is aeooided the 
work of certain Franoiseans m the Philipidnes and in Japan. 

** Cm la pluma y son st sabls (Madrid, 1815), p 20 
This stoiy is indudsd in Volume V of tto Mmanu, a voluine entitled 
Lot Tooonot dt la ostvow (Madrid, 1816), pp 6-162 It has also bean publiabed 
aepuiriety (Madrid, a. d ). «• Thtd, (1816), p 161 
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but the Carliat-to*be receives fur treatment from the autJior, and 

fact emerges as the one posibvdy honorable character of the 
story He is “estudioso y hsto hombre mtehgente, trabajador, 
austero ” 

On the other hand, Rafael del Riego, the famous hbend leader 
and defender of the Constitution of C&dia against the tyranmcal 
usurpations of Ferdmand VIl, the num to whom the most fiery of 
Spanish revolutionary songs is dedicated, under Baroja’s touch 
appears more human than godlike. “Riego tenia aire febnl,” an- 
nounces Baroja’s report Ho received Aviraneta coldly, as if fearing 
the latter might dimimsh his own prestige and glory The two men 
agreed in the solutions to their problems, but were m disaccord in 
the motives which impelled them, “este desacuerdo en los motivos 
fundamentales,” remarks Baroja, "es el que produce casi siempre 
mayor falta de estimaci6n entre las personas” Aviraneta was 
audacious by instinct, Riego by reflectum; what was easy and 
spontaneous for the one, required an ^ort from the other Riego 
was an incomplete hero, Aviraneta a perfect adventurer. Since 
Riego aspired to the complete control of the liberal movement of 
1820 he both feared and despised Aviraneta The latter m his turn 
thought "Tlus poor fdlow CR>cgo|] wants to be a hero and hasn’t 
the energy for it ” Baroja follows this description with an account 
of Riego’s campaign, which he represents as a senes of actions badly 
conceived and faultily executed, but by some miracle successful m 
its immediate objectives 

This is not muckrakmg It does, however, draw Riego dovm to 
Spanish earth from the clouds of l^end which enfold him Jn its 
way it explains, with reference to Riego’s mentahty, why his victory 
was only partial, and why Spanish hberalism, under such auspices, 
did not endure beyond 1823 ^ 

An example of the focusmg of Baroja’s telescope on an mdividual 
from the opposing camp, that of the ultra-Cathohc and ilhberal 
Carlists, is afforded in his handhng of the ponde de Espafia and the 
latter’s activities in 1838 This anistw mifavidual remains a “tipo 
b&rbaro, sangninarjo y humonsta”;** Barqja does not essay to white- 
wash the black sheep. But at the eondusion of Baroja’s wrestling 

JM, p 81 

** See Con fopIiNiKi y eenelootb, pp, 46-M 
" See Hymumo migma (Madrid, 1U8), p 380. 
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with the enigma of the Count’s complex persoAahty, an inhuman 
and incredible monster has been reduced to human and credible 
proportions It is difficult to show by citation how this result has 
been achieved, for it follows from a slowly cumulative process, 
begmnmg with the Count’s first appearance in tiie company of two 
young ofllcers Everyone scurries for shelter except the unsuspecting 
English visitor to Spam, he meets the Count face to face and salutes 
him, and his salute is civilly returned ** 

The development of the Count in human colors contmues, through 
conversations and actions Baroja shows him as sardomcally amused 
by his own rdle in history, that a Spamard and a fanatic, when 
he IS actually a Frenchman, of the Imeage of Comminges and Foix, 
and, m part, a skeptic (“incr^dulo”) ** The multitude is viewed by 
the Count as an amorphous conglomerate to be dominated and led, 
it is moat unpressed, he contends, by displays of arbitrary injustice 
giving the impression of something “fa^ y detemunado,” like a 
blmd but irresistible force of nature — and he can cite m support 
of his contention episodes from the lives of men enthroned as popular 
heroes** The ability to be, or to act a part, is a necessary con- 
comitant of an eminent public figure, as of a general. A leader of the 
masses who is not a histnon, is nothing *' The populace responds, 
not to a complex thought, wluch may be m part contradictory, but 
to a phrase, a slogan, a shout, something very simple and very 
elemental ** 

With such Machiavellian doctnnes as bis gospel, the Count’s vio- 
lent career m the later 1830’s is at least explained, while no part of 
it IS domed Here again, as with the ideologically opposed Riego, 
a credible and psycholopcally satisfying hkmiess has been drawn 
from a towering myth by the artist, Baroja, who has selected his 
materials now from the left wing, agam from the nj^t, of Spanish 
political life. It would be impossible to decide, from these two 
characterisations, on which side the ^nyiathiee of the writer him- 
self lie. 

As a last check on Baroja’s abibty to concmitrate his attention 
and his imagination on the essential human soul which lies behind a 
visible extenor, let us see if he has been able to lay aside his oft- 

** ffumcme •mm, pp 104-105. 

•• /M, pp 807-508. » IM.pp 811-812 

”nnd,p.m. •*/M.,p.815 
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proclaimed blanket hostiUty toward Hebrews Jews have been dis* 
couraged for centunes, by official fiat and popular feeling, from 
making their home in Spam Jewish blood remains m the peninsula, 
to be sure, and it reveals itself, m Baroja’s novels havmg a Spanish 
settmg, in simdiy hawk-nosed figures skulking in the background 
shadows, waitmg to pounce upon some poor unfortunate in need of 
money One might say the unsavory figures are ronventional, 
traditional Baroja’s anti-Semitism is thus a part of the pattern of 
his works, a sort of embroidery or fringe 

In the novels having a foreign settmg, however, the reader is 
introduced to some authentic Jewish people In most of these 
Baroja mamtams that balance of good and bad attributes which has 
already been remarked Abraham Tick and his son Will, and old 
Israels, who are all connected with the printing and bookselling busi- 
ness in London, are not paragons of virtue, but neither are they black- 
guards ** “ Israels era un judlo,” we read, “de unos sesenta afios, de 
0]08 claros, nans cortante y pierilla blanca Tenia una amabilidad 
excesiva y una mirada burlona.” The excessive amiabihty is a 
disagreeable trait, but the “imrada burlona” is a Barojan stamp of 
approval Here, as m most of the novelist's creations, Jew or gentile, 
there is a mixture of qualities, but humor predominates, and if the 
venerable Israels is somethmg of a rascal, at least the reader is 
encouraged by Baroja to smile tolerantly at the old sinner’s wiles 
But from a few sketches of Jewish character a warm glow ema- 
nates The most intimate and detailed picture of Jewish faimly life 
which I recall from Baroja’s novels presents a widow and her four 
daughters in Tangiors ** Aviraneta had taken lodgmgs with this 
faimly, and became well acquainted with them all The gnls and 
their mother are bordadonu, and are diligent workers, thrifty, and 
excdlent housekeepers The gi^rls are attractive, and their relations 
with their gentile friends provide the plot interest A fine good will 
prevails throughout the story Inci^tally, the family all speak 
Spaniel , 

The most attractive individual delineatirm of its land to be found 

* Sea the story called “E3 vieje am objeto,” in the volume La ruta ddaam- 
(uraro (Mednd, 1910) Tbaae chanwten einear on pp 168 ff 

" IM., p. 171 

* See the atoiy “£3 niflo de Bees,” m the voliime Lot eoiUraitM de la tnda 
(Mednd, 1984; voluine flnt pubhahed in 1990: tida atoiy written m 1917), pp 
71-99. 
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in Baroja’s nov<^ls is, 1 believe, that of Jonas Pinhas ( « Pefiia), an 
old Spanish Jew who owns a small fish shop (^^Los Tr(*s Peces”) m 
London*^ This charactensation represents one of those felicitous 
moments in which Baroja is unsurpassed in modem Spanish htera- 
ture So congenial does Baroja find Jonas, that he afflicts him with 
rheumatism, in honor of bis own sufferings from arthntis — a sure 
token of the author's esteem " The old fellow, innocently wishing 
to impress his visitors, boasts of his youthful acquaintance with 
taverns where regicides and other revolutionary crimes had licon 
hatched; but he doesn't at all fool a little Russian girl who has been 
listening, for, says Baroja '^La pequefta Macha debi6 de notar quo 
aquel patnarca era un buen sujeto, porque sin ccremonia alguna se 
le subi6 a las piemas y le tir6 de las barbas " The little girl then has 
the patriarchal revolutionist lift her in his arms, so she may investi- 
gate a stuffed alhgator suspended from the ceiling, and the old man 
next shows her the accomplishments of an impudent frog he has in his 
aquanum Remarks Baroja '' Macha habla presenciado estas mani- 
obras con profunda admiraci6n El viejo Jon&s rela a carcajadas " ^ 
Surely Jonas’ race has not here prevented Baroja from creating one of 
his warmly rich and mellow portraits 

It IS probably not mere comcidence that Baroja's most attrac- 
tive Hebrews speak Spanish but reside outside Spam It must be 
true that the novelist has been drawn toward such types m his 
travels, because of the tie of language, and has been at some pains 
to cultivate their fnendship His really authoritative intimate im- 
pressions of Jewish character may well have been formed in alien 
lands 

From the survey above, and from other examples which could be 
adduced, it may be said that Baroja’s close-up charactensations are 
not drawn to support a theory, whether the theory be dubbed liberal 
or illiberal Nor have more personal prejudices against middle-class 
and aristocratic stupidities, or against Jews and Catholic priests, 
diverted his artist's brush from depicting plausible and psychologically 
mteresting figures I believe the following passage from Los vmo- 

** See La e%vdad ds la nieUa (Madnd, 1909), pp. 171-179, eepeoially p ]77 

** Even the monumental Aviraneta of the Afemonoa, the man of action, 
suffers from this affliction Aviraneta^s hair also thins early in life — and Baroja's 
total baldness is well known! 

La ewdad dt la m«h2a, pp 177, 179 
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nartoa, with its examples, fairly shows Baroja’s mveterate dissatis- 
faction with the inadequacy of convcnttonal tags or classifications’ 

There » always aa obscure part m persona, even in those who appear most diaph- 
anous, which It IS almost impossible to apprehend Very oiten, in reading 
biographies of men famous for their talent, their energy, or their crimes, we dis- 
pover that the implacable politician, the temble, bloodthirsty general, the terror- 
ist police chief was a timid man who raised canaries, played with cats at home, 
was kind to children, and would weep when he hea^ a shepherd boy playing 
the flute m the fields Were their violence and their cruelty a tactic? Were their 
instincta upaet m action? We do not know ** 

There then follows m this same passage an assertion that the 
charactenstic trait of Alfonso XIII, the runaway king, is his timidity, 
at which the first speaker — a doctor, like Baroja himself — com- 
ments seems that one has said something quite defimtive m 
qualifying a man as timid, but it is possible that very little has been 
said Timidity may proceed from a weakness of the will or from some 
strong inhibition ” To which it is objected that, m practice, the 
results will be the same, and the doctor retorts ^'But for the psy- 
chologist the mechamsm will be totally different " 

I believe the hypothesis is tenable that this almost clinical interest 
in the mechanism of the human mmd, an mterest of a romantic 
guided and restrained by the special knowledge of one trained in 
medical theory and practice, has provided the really vital marrow 
for Baroja’s creatures of human flesh and blood The question of the 
writer’s liberalism, while tremendously interesting, in the last analy- 
sis depends for its answer upon the choice of defimtion In terms 
of contemporary attitudes and procedures commonly called liberal, 
the answer is debatable — might well be m the negative In more 
general or universal terms, such as the belief m the value of human 
personahty,” a decision as to the worth human personality possesses 
for one who has spent his hfe ehdeavonng to understand and desenbe 
it with such justice and magnanimity as we have seen could not be 
open to question 

UniVBRSITT OV MlOHXaAM 


^ Thu paasags, and those immediatdy following, are my Uran^tioxu from 
Lob vmononot, p 17, 




A CONTRIBUTION TO THE GENESIS OF 
SPATIAL CONCEPTS EXPRESSED BY 
ADVERBS AND ADJECTIVES 

CLARENCE L MEADEK AND HIDE HELEN 8HOHARA 

T his paper, which attempts to explain the nae of spatial concepts 
by correlating the development of the sensory and motor 
apparatus with the functions involved m the appreciation of spatial 
relationships, is based on the following facta commonly accepted by 
competent authonties 

1 The evolution of the body and mind proceed from general 
undifferentiated masses of tissue and pooeptions to more specific 
and more highly differentiated (individualued) forms (Child, 1924, 
Berry, 1928, Coghill, 1929a, 1929b, Laahlcy, 1930, and others) 
This IS illustrated m language (a) by the development of the vocabu- 
lary of infant and child from the one-word sentence, m which the 
entire thought is summed up in a mn^e word that is neither noun, 
verb, adjective, or adverb,* to the hi|^y elaborate many-word 
sentence (Stern, 1907, Piaget, 1926, Shirley, 1931-33, Lewis, 1936, 
and others), and (b) by the contrast between the cruder forms of 
gesture language, wluch even the lower animate use to some extent, 
and the more hi{^y refined forms of human speech 

2 The organs of the human body develop m the same order in 
all normal individuals, althougji at rates varying with the mdividual 
3. Movement and the perception of movement are fundamental 
prerequisites for the adjustment of the body m space and for the 
appreciation of spatial relationships . 

The child’s first usage of particular words should not be confused 
with its earliest perceptions of the ideas whidi they express There 

* As used in this paper a noun (substantive) is a symbol ot an organised 
group of relativdy permanent qualities, a verb, a symb«d of such a group of 
transitory qualities, an adjective, a symbol otaubot these permanent quabtiee, 
and an adverb, a ^mbol w a transitoiy one 
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is abundant evidence in the child’s movements and its inarticulate 
cries that it has recogmsed the difference between moving and star 
tionary objects and has become aware of certain quahties of objects 
before it learns their names The present paper is concerned with 
the development of ideas (meanmgO 

It descnbes briefly the earlier stages m the development of certam 
bodily structures The functioning of these structures is essential 
to the production of spatial ideas, which are hnguistically symbolised 
for the most part by formative elements, adjectives and adverbs or 
adjectival and adverbial phrases, althous^ they are also associated 
with other parts of speech Actually, all the organs of the human 
body take part in this emergent process, but m the mtorest of sim- 
plicity this paper treats mainly the structure most directly mvolved, 
namely, the nervous and muscular systems 

All organs and their functions arise m the same systematic spatial 
and temporal order m all individuals The development begins in the 
region of the mouth, and proceeds from this pomt m both directions, 
that IB, toward the feet and toward the top of the cramum It 
starts m the prenatal penod and contmues until matunty We are 
concerned only with its earlier stages ^ 

Language (commonly regarded as a product of the mmd con- 
ceived as an entity by itself) is, in both its phonetic and semantic 
forms, like the mind, an emergence of the functiomng tissues (mus- 
cles, glands, nervous system, etc ) The correlating structures of 
the bram are wholly dependent upon the sense organs for the ma- 
terial which they correlate. The stimuli to which the sense organs 
respond are in turn determined, m large part, by the movuig muscles 
In what order now do tiie organs essential to the learning of 
spatial relationships develop in the child? 

The neuromuscular structures of the head, trunk, and limbs are 
well represented and the muscles are capable of movement in the 
tenth week of the prenatal life. The movements, however, are weak, 
diffuse, of small amplitude, and, often, jerky. A stimulus to a single 
point on the body may lead to widespread muscular response, and 
the same or similar diffuse response may be ehcited by stimulations 
over a wide area. Tlds means that tto neuromuscular system is 

' For the uatomical and phjndologieal data we are indebted to Feldman 
(1090), MbkowSla (1099), Heniek (1089, 1088), Laagwottiijr (1088), and many 
othara. 
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m the primitive condition of nonspecifidty and nonco&rdination, m 
which, even if conBCiousnesB were present, only crude localuation 
could be recogmzed, corresponding to such vague adverbs as "some- 
where ’’ This IS the stage of so-called “neurological" functioning, 
"done unconsciously or at least without clear-cut realisation of ends 
and means" (Hemck, 1938) However, these acts, even thouf^ 
unconsciously performed, contribute to the development of specificity, 
since they play a part in the establishment of future more permanent 
structures and functions (habits) attended by consdousness From 
now on the development, like all otber evolutionary processes, con- 
sists in the nse of more specific characteristics We must bear m 
mind that with each successive step in the emergence of physio- 
logical activities there arises a correspondingly complex and spedfic 
type of meaning 

The following arc the principal wasrs by which this greater 
differentiation is brought about 

1 By the development of more specific types of muscular con- 
traction through the stages of mcreasing precision tonus, tomdty, 
tetany, contracture, and simple contraction 

2 By increase in size of the muscle, which continues to grow 
until matunty This means greater working energy and greater 
amplitude of movement Such growth has an important influence 
on our conceptions of size We have all been surprised on vimtmg 
scenes of our childhood in later years to notice how small old familiar 
objects have become Size of structure and amphtude of move- 
ments are the yardstick by which we measure objects, but unlike 
a wooden yardstick it grows contmually larger 

3 By an increased number of muscle cells, whidi make possible 
a higher degree of differentiation in the amount of contraction of the 
musde as a whole This is brought about by the establishment of a 
peculiar type of nerve supply (the so-called "all-or-nothing" system) 

4 By the vestibular (balancing) apparatus of tiie ear and its 
nervous connections with the extrinsic muscles of the eyeballs, with 
the cerebellum, and, throuid^ the oerebdlum, with the musdes of the 
body 

5 By the devdopment of the sensory organs of movement 
(musde spindles and the modified nerve enefings in tendons and 
jomts), than which none play a more fundamental part in determin- 
ing the meanings of adverbs of site, diape, and {dace, and tiie learning 
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of language Hewer (1935) demonstrated the presence of muscle 
spmdles in practically all the organs of the body, mcluding the 
extrmsic muscles of the tongue and the external e 3 re muscles, m the 
four-month fetus Smce the motor nerves along with the com- 
missural and longitudinal connecting nerves m the spinal cord and 
medulla are already present, the anatomical basis has now been laid 
for simple reflex action and the automatic repetition of reflexes 
without which tradition m language would be impossible 

6 By the formation of a fatty, protectuig, and, probably, also 
insulating sheath, known as the myelm sheath, about the nerve 
fibers This sheath prevents, at least m some measure, the diffusion 
of the nerve impulse, and so aids m the establishment of greater 
specificity of action The completion of myehnation is generally 
taken as a sign that the nerve is capable of functioning normally 

7 By the perfecting of the apparatus for accommodation and 
focusing of the eyes, necessary especially to the discrimination of 
distance not attainable by reaching and touching 

8 By the perfecting of the auditory mechanism 

9 By cobrdination of muscular activity Practically every bodily 
activity 18 performed not by a single muscle but by the mtegrated 
action of many muscles To secure harmony of movement, a whole 
senes of structures develops dunng the growmg penod These mech- 
anisms, in the order of their increasing complexity and specificity, 
are 

(a) The simple automatic reflex arrmigranents m the spinal cord. 

(ft) The medulla, codrdmator of chiefly vegetative processes and 
the region of lowest mstance for production of speech movements 

(e) The cerebellum, the reflex and unconscious motor cofirdmator, 
equiHbrator, and regulator of the onentation in space of the head, 
b^y, arms, and legs. 

(d) The midbram, concerned chiefly with automatic reflexes of 
sight and hearing. 

(e) The thalamus, which adds sensory and emotional elements and 
intensifies the sensations 

if) The striate body, which regulates chiefly more elaborate, au- 
tomatic associated movements. 

(g) The cerebral hemispheres, which supplement all thia with a 
more detailed analysis and a fully voluntary control ovw extremely 
delicate and widely varying movements 
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Each of these inuscle>nerve gradi»itB brings about a pattern of 
nervous, muscular, and mental action more complex and more hi^^y 
differentiated than the precedmg, and each thereby enriches the 
meanings of words, renders sharper and more precise our spatial 
vocabulary, and makes possible our traditional hi(^y abstract 
grammatical categories 

Owing to the rapid structural changes mmdent to growth and differ- 
entiation in the prenatal period, as well as to the somewhat restricted 
variety of stimuli received from the mother and from dianges in 
the fetus itself, it must be assumed that previous to birth there are 
few habitual patterns of movement established which coincide with 
or even closely resemble those that occur in postnatal life Excep- 
tions must be made of the heartbeat and the baluicmg movements 
The latter are very common, since the child floats freely m the 
ammotic fluid In spite of the absence of a substratum, many of 
these movements must contain elements closely resembling those of 
postnatal life 

The conditions are radically changed at birth, smoe the gross 
bodily structure has already been attamed, and a whole world of new 
stimuli be|^ to impmgo upon the child’s sensory apparatus The 
postural muscles oontmue alter birth to play a dominating part m the 
child’s development, m the sense that all the more specific move- 
ments, the more accurate and debcate adjustments of walking, 
reaching, and graspmg, as well as highly refined skilled movements, 
including tke adjustments of the eyes and touch, must be made m 
conformity with the momentary position the body (cf Kempf, 
1935) Consequently they vary as that position varies 

The postural apparatus is functioning at birth as far as the 
vestibular apparatus and kmesthetis are concerned, but the muscles 
are so small and weak that thC'child can do little more than turn its 
head from side to side, wave its arms in a stereotyped mumer, and 
move its legs a little First the muscles of the neck gam sufficient 
strength to lift the head from the pillowp thouc^ it is still wobbly 
when the child u held m a sitting pomtion. Next the arm muscles 
and the back muscles develop to the pomt that the child can sit 
alone It is due to the gradual perfection of the postural muscles 
that the child is able first to hold up its head (ei|[^t weeks), tries to 
mt up (twelve weeks), sits alone (t^rteen weeks), gets up cm hands 
and (eii^t montiis), creeps (ten months), walks witii support 
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(eleven months), walks alone (one year) With the gradual strength- 
ening of these muscles and their corresponding reflexes, the structural 
basis for the development of the spataal concepts is steadily im- 
proved It IS destined, however, to be further refined by the devel- 
opment of the eyes, ears, and tactual organs and of the complicated 
connections of the anterior brain stem and the cerebral cortex 

The ears are deaf, or at least hear very imperfectly, at birth, 
and the eyes are far from mature They are too close together, and 
their axes are directed inviard, so that at rest they are converged 
upon near objects The lens of the eyes has a very strong refraction 
index, and the eyeball is often disproportionately long The optic- 
nerve connections are not yet fully developed to the cerebral cortex, 
and their myelmation is only begmnmg The movements of the 
eyeball at this time are involuntary reflexes and are poorly regulated, 
although there may be some visual discrimination due to the con- 
nections of the retina with the optic thalamus 

By two months after birth the structure has so far developed that 
accommodation of the eye can take place, and at that time the 
eye is adjustable to distance These advances make it possible fur 
the infant to follow more distant objects with the eyes, thus adding 
to kinesthesia visual regulation of such reflex movements as have 
been established earlier 

The motor and visual apparatus is now well on the way toward 
developmg those finer spatial discriminations which lator find ex- 
pression in inflectional forms, adverbial and adjectival phrases, 
adjectives and adverbs Nerve tracts from the retina to all ports 
of the visual system are present, and the pattern of distnbutaon of 
the rods and cones in the retina is now reproduced m the optic 
colliculi, the thalamus, and the visual region m the cerebral cortex 
However, the myelmation of these nerve tracts is by no means 
complete, especially between the thalamus and the cortex and be- 
tween the colheuh and the muscular system of the body We can- 
not therefore be certain that the dis^bution of the parts cS the 
image over the retinal field is fmIhfuUy reproduced in the visual 
area in such form as to permit a clear perception of the spatial refa- 
tions of objects in a plane perpendicular to the line of sight Further- 
more, connections between the visual and other areas of the cerebral 
omtex are only partly established, and very little myelination k 
present m the cortex. We may ther^ore assume that voluntary 
trol over movement k far from complete, even if present at ^ 
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There is excellent reason to suppose that the spatial concepts 
rorrcsponcluig to horizontal movements of the eyeballs are among 
the first, if not the very first, to develop Among the terrestrial 
mammals the chief objects of mterest, those involving the preserva- 
tion of the species, lie mostly on a level with the eyes, at the ri^t, 
left, or m front The discrimination of up and down follows soon 
after that of right and left The visual means of discrimination is 
supplemented about the fourth and fifth month by the imtiation of 
reaching processes, which add kinesthesis of the arm movements to 
that of the eyes and postural motion, and make possible the recog- 
nition of a local relationship betw^een each hand and the objects l 3 ang 
in its direction 

The recognition of distance requires a still further differentiation, 
involving the convergence of the eyes and an accurate focusing of the 
lens Much later other factors are added to facilitate this reoog- 
mtion, e g the amount of walkmg needed to reach an object, the 
presence of interveumg objects, and the complicated processes re- 
sulting from the decrease in the size of the retinal image with the 
mcrease of distance 

The contribution of heanng to localization is of less import, 
and merely adds to the control over the estimation first of direction 
and later of distance Hearing comes later than vision 

Thus by the fifth month of life the eyes, ears, and muscles of 
the body, as well as the central nervous system as high at least 
as the thalamus, have reached a degree of development essential to 
the ready execution of reflexes corresponding to ihe concepts of 
right and left, up and down, and intermediate directions, as well as 
those of varying distance This is, of course, five or six months before 
the child wdl begin to use words, and a much longer tunc will elapse 
before he uses spatially signifioant adjectives and adverbs. 

From the structures already present will emerge the modifications 
and extensions essential to the most minute differentiations of size, 
shape, direction, and distance with their cji^nges at varying rates of 
acceleration, as also the higher degrees of mathematical abstraction 
These must await the slowly maturing structures and integrations 
of the cerebral cortex, and their coordinations with the simpler 
processes described above It is interesting to note that these higher 
ideas transcend the expressive power of oral and written language 
and can find expression only through elaborate mathematical symbols 

Unfortimatdy anatomists and ph 3 rBiologists have made few 
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studies of the development of the child’s neuromuscular apparatus 
during the first two years of life, so the possibility of correlatmg 
the ph3rsical structures and processes with the mental activities is 
as yet rather limited 

Univbrsity of MicmoAN 
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MODES OF CONNECTION IN THE 
AKLAN DIALECT 

FRANK O RYDER 

A WORD of extremely frequent occurrence in Aklan texts is 
nga or -ng It correspond to Tagalog na, ng, and its uses 
are largely parallel to those of the Tagalog forms It serves the im- 
portant function of a connective particle or “ligature,” as Blake* 
cells it In order to discuss the uses of Aklan nga and of the other 
less frequent connectives we must first classify the forms of the 
language accordmg to parts of speech But we arc faced witii the 
necessity of setting up a very Afferent system from the one em- 
ployed in the IE languages It is unpractical to transfer the con- 
ventional terms and classes to Aklan, though most grammars of the 
IN lai^ages are constructed m that fashion (e g Blake’s Tagdlog) 
Bloomfield,* however, has only two parts of speech for Tagalog — 
"full words” and "particles.” This is certainly the better course, 
but for the purposes of the present paper it seems wiser to use a more 
extended classification We may divide Aklan words mto two groups* 

1 Words whose function in the sentence or phrase can be modified 
or determined They are the “mam words” of Aklan and corre- 
spond largely with Bloomfield’s "full words,” though they have a 
different definition Smee we are going to use the expresmon “ word” 
very often we shall designate these as "heads ” 

2 Words which cannot be modified, which there are the fol- 
lowing types 

(a) Words which exist only m immediate association with heads 
They are the detemumng words, which set the function of the head 
in the sentence We may call them "particles” and list them m 

* Blaka, Ihank R., Oremmar of th» TagHog Lmguagt Amenesn Onentsl 
SeriM, Vd 1 Nnr Eavwi, 182S 

' BloomfiaM, Leonard, Tagaiog Tetti with Oramnaaed Anaigtu, Univaruty 
of Illinois Studiea in Langosge and Uteratoie, Vol 8, No 2 XJtbana, 1917 

671 



672 Frank G Ryder 

two different classes the nominal particles, ro, aa, ko, «, kay, nt, 
manga, aanka, and li, and the several verbal particles, e g nag{a), 
gtn{a), um, in, pa, ma, un, etc (prefixes, infixes, suflixcs), which de- 
note a modification of tunc or aspect or mode Typical combma- 
tions of particle and head are ro boeay,* sa boeay (‘house’ used aa 
subject or as a “locative” expression), and ytna kaon, kmaon (‘eat’ 
m passive construction) 

(b) Words which only connect heads or head equivalents — the 
"connectives ” An example is ~ng in ro hanng Fernanda, ‘the king 
Fernando ’ 

(c) Words which stand unconnected m the sentence and are not 
heads or particles There are several of these m Aklan, as m Tagalog 
Aklan daywa-daywa, ‘two by two,’ and aumunvd, ‘next,’ are typical 
Since their meanmg is usually of the sort we call adverbial it is better 
to refer to them as “ adverbs ” rather than to use an unfamiliar word. 

This classification has the advantage of enabling us to treat the 
connectives aside from the particles (the connectives also jom heads 
modified by particles, as aa baeay nga pa agio aa eawod, 'in the house 
toward the sea,’ tanang ro gtn augo kana, ‘aO that was told him,’ 
etc ) and of creating a separate class for the adverbial expressions 

it is to be noted that the head is not further classified mto noun, 
verb, and other parts of speech Those who retam the notion of 
noun and verb as they are used m IE have difficulty with the IN 
languages, since almost every head may function m verbal or nommal 
fashion. The result of the attempt to apply such categones is that 
one must say, for example, that practically all nouns may be used 
as verbs, or ^at some numerals are used as verbs This is unpractical 
It will become apparent that there is no noun-verb distmction for 
a given word out of context But the distmction of verbal use or 
nominal use is very unportant 

The broader term "connection” is preferred to "attribution” be- 
cause of the range of the phenomenon m Aklan It does not appear 
advisable to use "attribution” or one of its substitutes m the sense 
that Bloomfield does when he speaks of particles acting as "attri- 
butes” of "full words” Attribution is dso charactenstio of full 

* Words will be etted generally in Aklan orthoBrapby. The only peeidiaiity 
IS s, whioh IS used for [y], aa in Aklan texts For tbs distribution of the Aklan 
dialaot, ete , see my artioia "Variant Cy] in the Aklan XMaleot of Biaayaa,’’ Pap 
MmA Acad Bet,, Aria, and LaUara, 36 673-688 1040 
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words themselves and is m Bloomfield’s system accomplished by par- 
ticles This places on the same level two relationships which are 
better separated The particie-head relation is of one kind, the con- 
nection of head and head is of another Only the latter is referred 
to as connection m this paper 

Connection occurs in Aklan between heads or equival^ts of 
heads and not in other situations We must therefore analyse tlie 
instances in which heads occur m sequence and discover in which 
of these a “ connective” appears regularly m the language We shall 
treat as heads both those without accompanying particle and those 
with particle, i e baeay or ro baeay, etc Appearance of a nominally 
used head without a particle is, m any event, largely restricted to 
connective uses The following classes indicate the general types 
of sequential relation m which heads may stand m Aklan 

I Relation of verbally used head and its nominally used head 
or heads 

II Indirect relation of nominal heads to each other through the 
same verbal head (only in combination with I) 

III Serial relation (indirect), of infrequent occurrence 
IV. Direct, nonsenal relation, always modificatory in some way, 
this class is very extensive. 

We may make the general statement that m classes I, II, and III 
the phenomenon of connection does not appear, but that in class IV 
(not I, II, or III) a connective must be used This should account, 
with a few exceptions and irregularities, for the presimce or absena> 
of the connective m any situation 

In discussing class I we use the expressions "verbal” and "nomi- 
nal,” though we have said that almost no Aklan word is per sc verb 
or noun. But m a pven phrase it is convement and ofUm necessary 
to speak of the head which is need verbally and the heads need as 
nominal expressions with it By "verbal head” we mean any head 
used with nagifi), tin(a), etc ,* and not at the same tune with ante- 
cedent ro, ko, etc By "nominal head” ym mean any head used 
with ro, ko, and the others, or any combination of particle and head 
so used (or its substitute, the "pronommal ” head) Thus atmnghan, 
’told,’ IS a verbal head m etmngfam nt Pedro ro matwid, ‘Pedro told 

* This includes also the substitute verbal heads (rdated to the verbal heads 
es pronominal forme ore to nominal heads), e g hay, may, ‘is,’ ‘has ’ 
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the truth,’ but m ro nntnghan m Pedro, ’what Pedro said,’ it is nomi- 
nally used, just as IS ro baeay, ‘the house ’ 

In consiidenng class I we divide the simple Aklan sentence mto 
two parts, the verbal head and the correlated nominal heads (with 
ro and ko and aa, etc ) Whenever these come together there is no 
connective Thus m nag abut / ro taw, ‘came the man,’ no connec- 
tive appears between the heads because nag abut is a verbal head and 
ro taw IS related to it as “subject” (see Bloomfield [op et/.] for the 
idea of “case” in IN generally) This is true also of umabut / ro 
taw 80 baeay, ‘ came the man to-the house’, ro ayam / gtna taoan / ko 
taw ft tuean, ‘the dog is given by-the man a bone’, ttnuman / ro gtn 
tsugo kana, ‘ (he) followed the told him (what was told him) ’ 

By class II we mean the sequence of heads with ro, ko, so, or 
the like, related by these particles to the same smidc verbal head, 
that IS, related to each other not directly but only throu^ the 
verbal head There are no connecUves between any of these heads 
The maximum of three levels or “cases” is expressed by ro 
ko aa, at m . kay, and aanka . tf aanka . aa 
aanka Thus we have gtna baltgya ro aagtng / ko tendero / aa babai, 
‘was sold the bananas by-the farmer to-the woman,’ and, m a com- 
plex nommal head, ro gtn augo ko ermtianyo kay Juan, ‘what was 
told by-the hermit to Juan,’ etc 

By class III we moan any senes of heads on the same level 
They are infrequent, but may be illustrated by these examples ro 
ngaean nanda at Pedro / at Dtego / at Juan, ‘the names of them (are) 
Pedro, Diego, Juan’, nag maaaktt tmaw aa kahadlok I aa anong 
damgo I aa taaeang gobt-t, ‘became sick he from fne^t from his 
dream one mght ’ 

Class IV, which is the class of connected heads, is very huge, and 
m free translation the connective is rendered m many ways IVom 
the very first, however, we must state the fact that the most ^cient 
and simple analysis of phrases of this kind is obtamed by speaking 
only of heads or equivalent units, and not of “clauses ” All instances 
of class IV can be analysed as simply as the typical expressum ro 
jnapta nga Adama, which illustrates the necessity of nga or another 
connective m any sequence of heads mvolving direct relation of one 
member to another (nonaerial, modificatory) or, mme simply, m any 
sequence of heads not of class I, II, or III The Aklan jdirase may 
be rendered ‘the Adarna bird,’ ‘the bird, Adama,’ ‘the bird udiioh is 
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the Adama,’ 'the bird, namely, the Adaraa,’ etc. The elements ro 
ptspts and Adama cannot stand together because they are not of class 
I, II, or III, but must be connected by nga (or by other connectives 
m other phrases) This example also illustrates tiie rule that ro and 
the like are not repeated after nga 

For the analysis of more complex sentences we make the assump- 
tion that any expression contaming a verbal head and whatever 
correlated nominal heads may occur with it is a unit equivalent to 
a head A “head equivalent” in a given phrase or sentoice is a 
single central verbal head with all the nommal heads related to it 
Thus gin augo kana ko ertmtanyo, ‘ was told to-him by-the hermit,’ is 
a head equivalent (if, of course, it contains all the related nominal 
expressions Here there are two, kana, ‘ to him,’ and ko ermitanyo, 
‘by the hermit,’ but if there were in the sentence a phrase aa anang 
damgo, ‘in his dream,’ then the form above could not be a head 
equivalent until the aa anang damgo was counted with it) 

It IS especially easy to r^ard such expressions as head eqmva- 
Icnts since almost all may be used with ro or a similar particle, as, 
for example, ro gin augo kana ko ermitanyo, which is just like ro 
baeay, ‘the house ’ The head equivalent proper is the part after 
ro In discussing connection the whole expression with ro, however, 
will be treated as a unit, as was ro baeay above The entire phrase 
would be, in proper sentence environment, a nominal head equivalent 
(see below) 

The head equivalent may contain a number of connectives within 
itself, as dues ro gin augo kay pnnatpeng Juan ko tkadaywang ermi- 
ianyo, ‘what was told to prince Juan b>-the second hernut,’ where 
all that follows ro is a head equivalent and the connectives are be- 
tween member heads 

We may now analyse typical Aklan utterances containing nga or 
the other connectives on the basis of the statement Heads or bead 
equivalents m a sequential relation which is not of class I, II, or III 
must bo joined by a connective; or, Direct, modificatory relation 
between heads or head equivalents is accoinphahed by a connective 

nga 

The connective nga u by far the most frequent It is the only 
general oonnective and the focus of the whole problem of connec- 
tion The examples given will clarify its genoal use, and the discussion 
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of the other connectives will serve to delimit further its function in 
the Aklan sentence There is no space to analyse the meanin gs of 
nga connections • 

The phonetic features of nga are simple After consonant final 
it IS nga After vowel final it is usually -ng, but sometimes nga 
With n final either n + nga becomes -ng {amon + nga ■■ among) 
or nga occurs separately Thus with tanan, ‘all,’ we may have 
tanang ro gtn sago kana, 'all that was told him,’ or aa tanan nga 
kaptaptaan, ‘to all the birds ’ 

In ro piapta nga Adama the two heads are not in relation I since 
neither is a verbal head, nor m class II since, if used with a verbal 
head in a sentence, they would together constitute the "subject” 
expression (i e there is no ro ko, ro aa, etc , relation) , 
and, of course, they are not in class III Hence they must have 
the connective (The type of relation, appositional attribution, is 
discussed by Bloomfield ') Similarly we have st hartng Femca^, 
‘the king Fernando’, ro pottng kabayo, ‘the white horse’, mahabang 
aaewae, ‘long trousers’, ro gakaiuevg nga ayam, ‘the sleeping dog’, 
gtn sago kana ko ermitanyo nga ga uaoy ko Adama, ‘was told to-him 
by-tlie hermit (that) (he) seek the Adama ’ In this last example 
are two head equivalents, one consistmg of the verbal head gtn augo 
with its nominal heads kana and ko ermitanyo, the other co ns isting 
of ga vMty and ko Adama ip the same fashion 

But <tnuman m Jmn ro gtn augo kana ko ermitanyo, ‘was followed 
by Juan the (what wa^i) told to-bim by-the hermit,’ has no nga be- 
cause the head equivalent gtn sago kana ko ermitanyo is here used 
with ro as "subject” of ftnuman nt Juan Hence it stands m rela- 
tion I The whole phrase aa given may thus also become a head 
equivalent connected by nga, aa in the following nog basa tmato nga 
ftnuman nt Juan ro gtn sago kana ko ermitanyo, ‘read he (that) was 
followed by Juan the (what was) told to-him by-the hermit ’ 

Further examples of constructions with ngo may be cited timo- 
boi tmav) aa aanka kahay nga diamante, ‘came he to a tree of dia- 
monds ' , ro matuud nga smvnghan nt Pedro, ‘ the tmtii which waa-told 
by Pedro’, ro matuud nga na matay at Pedro, ‘the truth that Pedro 
died’, nag baaa imaw kay Mona nga na matay at Pedro, 'read he to 
Maria that Pedro died ’ Sample sentences m narraUon are atnuerle 

* For mob an analyus me Bloomfield, op eU , pp 162 ff 

* boe eU 
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«i Juan nga aa anang panawan may ermttanyo nga nakahta kana, 
‘ was-fortunate Juan that in his wandenng there-waa (a) hennit 
who saw him’; may manga taw nga nag nnghan nga sa bilvg nga 
kalibutan ro maka bueong eang kana hay ro piapu nga Adama, ‘there- 
were men who said that in (the) whole world the only thing to cure 
him (the could cure only him) was the bird Adama ’ 

A few special uses of nga deserve mention The first occurs m 
the pronominal group typified by ana (third singular), which func- 
tions as a head, not as a nominal head used with a verb, as do tmaw, 
kana, and na (all third personal singular, approximately subject, 
dative object, and agent, respectively) The forms are idem, tmo, 
ana for the three persons of the singular, aton and amon (inclusive 
and exclusive), tnyo, anda for the plural They are regularly posses- 
sive, as in ro anang maaakit, ‘his sickness,’ ro akong gora, ‘my cap,’ 
sa anang kagaoy, ‘in his weariness,’ but always occur with nga 
This IS trae as well when they appear witli verbal heads si amo 
ag St boo nagsaeag t( aangpunu nga aagtng sa subo ag andang xnotnd, 
‘ the monkey and the turtle found a stock of banana in-the nver and 
they divided (it)’, anang gin tudan st Juan ko dapat nang htmuon, 
‘by-hun was taught Juan the proper by-him thmg-to-be-donc (he 
taught Juan the proper thing for him to do) ’ In such usage these 
forms always precede the verbal heads and must be connected by 
nga They are the only members of the pronominal group which 
regularly precede the verbal head 

A further special use of nga m Aklan occurs m an expression of 
the sort which corresponds to our predicate noun For example, 
‘he turned to, became, stone’ is rendered na htmu tmaw nga hato 
The bolo is not felt to be m direct relation to the verbal bead in the 
sense of a sa or ko relation uid must therefore have nga 

Occasionally nga is optional Most such uses mvolve, however, 
a difference m the interpretation of the part of speech to which one 
of the connected heads belongs Soitences of type ‘you read 
weir axe rendered by mayad ka mag basa or mayad kang mag baaa, 
etc In the first translation the mc^fod, ‘good,’ ‘weU,’ is best mter- 
preted as an adverb; hence there is no connective between it and 
the rest of the phrase (head equivalent), and the sense is, ‘well you 
read ’ In the nga type the mayad is best regarded as a head with 
the ka related to it, either as a regular pronominal form (‘you are 
good that [you] read’) or as an encbbc pronoun See mayad nga 
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kumaon, ‘good to eat,’ mayad nga pumanaw, ‘good to go ’ For a 
further example of optional nga see the discussion of ka 

There are some clear instances m the texts which 1 used of an 
apposition rendered without connective pmaiawag nt harmg Fer- 
nando ro anang kamagueangang onga m pnnnpeng Pedro, ‘was sum- 
moned by King Fernando (the) his eldest son, (the) pnnce Pedro ’ 
The second member of the apposition contains a regular appositive 
construction with nga The absence of nga is fairly common but 
by no means absolute In the phrase above nga may occur The 
connective usually appears in such situations m Tagalog See, also, 
ro parayav) nga prtnstpe st Jvan, 'the favorite pnnce, (the) Juan ’ 
No nga appears where two elements constitute a sentence with 
no copulative verb, si Jnan ro parayaw ko hart, ‘Juan (is, was) the 
favonte of the kmg,’ or ui interrogatives, stno ro sa sveud ko baeayt 
‘who (is) the one inside of the house?’ 

ko, nt 

The other connectives in common use are ko, nt, and tt, identical 
with the particle forms for nominal heads used with verbs There 
16 seldom any confusion of the two uses As connectives ko and m 
have a specific function, contrasted with the wide range of nga. 
They are used instead of nga when direct partitive or possessive re- 
lation 18 mdicated ro ama ko dkong ama, ‘the father of my father’; ro 
sdak ko adlaw, ‘the rays of the sun’; ro parayaw ko hart, ‘the favor- 
ite of the king’; rohyom Juan, ‘the unde of Juan’; sapunokokahoy, 
‘at the foot of the tree’, ro kaiamts ko anang hum, ‘the sweetness 
of itsmnging’, romanyaixdtsdananmPedro,' the sufferings of Pedro’ 
Whenever there is a choice between nga and ko (rarely m, which 
is personal) the difference is usually dear The ko indicates ‘part 
of’, the nga, an equational or ‘whole’ relation, ro nuUuud nga 
emtnghan nt Pedro, ‘the truth Pedro spoke,’ ‘the true thing which 
Pedro said’; ro nuUuud ko sintnghan nt Pedro, ‘the truth of what 
Pedro said,’ i e ‘true part of ’ Bee also ro kamaluuran ko kinmu 
nt Pedro, 'the truth about the action of Pedro ’ 

it 

The connective U has a rather special function, thou|^ it is often 
interchangeable with ko. The special nature of tf lies m showing 
that one thing is a part of or is posseased by another in a charac- 
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teristic or generic relation, thus ro gaUu ft amoang, ‘nulk dt buf- 
falo,’ 'buffalo milk’, ro aaba/w tt ntyog, 'milk of coconut,’ 'coconut 
milk’, ro dueaw U ttlog, 'yellow of egg’, ro gatas it baka, 'milk of 
cow,’ ‘cow’s milk’ Compare with this last example ro gataa ko 
baka, 'milk of the (particular) cow,’ ro gataa ko anang baka, ‘milk 
of hiB cow.’ See also ro atlak it adUxw, ‘sunlight,’ ‘sun’s rays,’ and 
ro ttlak ko adlaw, ‘rays of the sun’, ro hayag it buean, ‘mooiili{^t,’ 
and ro hayag ko bvean, ‘light of the moon ’ 

ka 

The particle ka is used as a connective only with cardinal num- 
bers ^ There nga is optional m the sense that it usually occurs, along 
with ka, with a number ending in a vowel It may appear, however, 
with consonant-final numbers, when it alternates with ka according 
to meanmg, on about the same basis as do nga and ko (see above) 
Illustrative uses are ap-at ka arado, ‘four plows’; ro dayi/oang ka 
tgmanghud, ‘the two brothers’ {dayvm, ‘two’), may tatlong ka 
ongang eaeakt, ‘he has (had) three male children’ {taUo, ‘three’) 

If a pronoun form intervenes the ~ng and the ka are both used 
ro daywa nang ka tgmanghud, ‘his two brothers’, ro pito nang ka 
kania, ' his seven songs ’ In these examples the pronoun nang is 
postchtic, as in «a btlug nang gtnhart-an, ‘m his whole kingdom ’ 

When nga and ka are interchangeable ka always means simple 
enumeration, whereas nga is agam equational. apat ka arado, ‘four 
plows’ (emphasis on ‘plows’),* ap-at nga arado, ‘four things which are 
plows’ (emphasis on ‘four’) 

In all probabihty ka is a collective particle, here used with enu- 
merated thmgs It functions m the same fasluon as a connective, 
however, especially m the consonant-final numbers used m the sense 
of ap-at ka arado, above Evidence of its collective nature is clear 
m aambato kanda tumawag aa tanan nga kaptaptaan, ‘one of them 
called to all the birds,’ ‘ . to all bird-dom ’ Many other instances 
might be given 

An exan^le from context illustrating several types of connection 
is the idiomatic Aklan sentence* aa tdaeum ko bubon ray Juan nga 

' In ordinals we have nga (or -ng). ro tkapUong kania, ‘the seventh song’ 
{pUo, ‘aeven’). 

' Lmang baaia, 'five thnea’ (funa, ‘five’), however, is aa ezanqile of head- 
head flonmotioa b which one head is a numeral. 
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nakda hay eanka Ittgar nga maltway nga may daywarxg ka palaeyo aga 
inkaniadot 'at-the bottom of-the well Juan’s thing* which (nga) be 
saw was a place which was (nga) wide where (nga) were two palaces 
which were (nga) enchanted/ ‘At the bottom of the well Juan saw a 
wide place where there were two enchanted palaces ’ 

A complete survey of all the problems related to connection is 
impossible here For the general connective nga m particular such 
a survey would involve a discussion of the adverbs of Aklan (which 
are unconnected by definition), mcludmg besides the ordinary ones 
like tndt, ‘not/ tfa, ‘on the other hand/ ano (interrogative), etc , 
the conjunctive adverbs, which may be used in the position of nga, 
sometimes with approximately the same translation but not quite 
in the same sense It may indeed seem advisable in distinguishing 
the parts of speech to include these words in a special class of “con- 
junctions,” especially since a large proportion of them are of Spanish 
origm and have been used accordmg to their original function This 
IB a problem for the general S3nitactic analysis of the Aklan dialect 

UmvasaiTr of Migbiqan 


* Ray Juan means 'that which pertains to Juan/ 'Juan’s one’ (of several 
things) It IS not the subject of nakita and must therefore be connected to it 
by nga Ray Juan nga nakita » ro fuMa m Juan, 'the seen by Juan ’ 
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PARADOXICAL BLOOD-CONCENTRATING 
ACTION OF RECONSTITUTED PLASMA 
INJECTED INTRAVENOUSLY IN THE 
TREATMENT OF TRAUMATIC 
SHOCK 

HENRY N HARKINS 

T he use of reconstituted dned plasma m the treatment of trau- 
matic shock seems destmed to become one of the important sur- 
gical contnbutions of the last few years This method of treatment 
IB of especial importance today because of its peculiar adaptabihty 
to wartime conditions Plasma can be obtamed from any siutable 
blood sample, dried to a powder, and transported great distances or 
preserved for long mtervals without fear of deterioration When it is 
ready for use sterile water can be added as needed, and the reconsti- 
tuted plasma injected mtravenously Because of the extreme impor- 
tance of this treatment any new facts about it deserve immediate 
attention Our work has revealed the foUowmg unexpected results 
If plasma is injected mtravenously, one would expect the blood 
to become diluted When concentrated plasma ‘ is mjected mtra- 
venously, one would suppose that the blood would become even more 
diluted than it is after the injectimi of normal plasma. This is 
because dilution would occur not only from the plasma added but 
from the resultant osmotic fluid inflow from the tissues These opm- 
ions are based purely on speculation, but sunilar ones are common 
in the literature. 

Our experiments on the effect of intravenous mjections of recon- 
stituted dog plasma * in normal dogs produced exactly the opposite 

* In our expenmente we reconstituted our plasina up to only one fourth ite 
original vohiine, so that the mixture wee four tunes oonoentratM, the constit- 
uents of the reconstituted plasina are thus present in four tunes the concentration 
usually found in plasma. 

* Prepared by the method of Hartman (IMO) and made so that its constitu- 
ents an present m four times the concentration usually found m plasma 



684 JEfenry N. Harkins 

reaulte. After the injection of concentrated plasma we found an 
immediate blood concentration lasting for about thirty mmutes and 
not followed by any secondary blood dilution No defimte eiodana- 
tion for this paradoxical reaction can be offered at this time. The 
poBsibihty exists that the concentration arises from splenic con- 
tractions Three out of four splenectomued animals so far studied 
tiiowed a blood dilution after concontrated plasma mjections rather 
than blood concentration In these experiments, as in the case of 



Fio 1 Paradoxical blood ooneeatration following intnvenoua 4X nomal plasma 
injection The opposite effect in two contrd dogs similarly injected with 20 
per cent glucose sdution is shown m the two upper curves, the plaama in- 
jections are charted in the two lower curves 

the unsplenectomiaed controls, the plasma administered was re- 
constituted so that its constituents were present in four times the 
concentration usually occurring in plasma Experiments in triueh 
the animals received 20 per cent glucose mjectiona (i.e four times 
nonnal) served as controls The results shown m Figure I tvere 
exactly the opposite from those of tiie fdasma injections and revealed 
a marked immediate dilution, as would be expected. 

By assuming the vascular tree of the recipient dogs to be a closed 
system the following calculations can be ma^: 
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A 0LUCX>8E INJECTION 

Dog weight, 12 0 kgm 
Calculate blood volume, 020 c c 
(A body weight) 

Control hematocnt, 44 
Calculated control erythron, 405 c c 
Calculated plasma volume, 516 o c 
Injection of 120 c c 20 per cent glucose 
Final erythron, 405 c c 
Final plasma volume, 635 c c 
Final calculated hematocrit, 30 
I'lnal observed hematocrit, 33 

B PLASMA INJECTION 

Dog weight, 0 7 kgm 
Calculate blood volume, 745 c c 
(A body weight) 

Control hematocnt, 38 
Calculated control erythron, 285 c c 
Calculated control plasma volume, 460 c c 
Injection of 100 c c four times normal plasma 
Final erythron, 285 c c 
Final plasma volume, 560 c c 
Final calculated hematocnt, 34 
Final observed hematocnt, 45 

From these calculations it may bo seen that the hematocnt read- 
mgs after a typical glucose injection indicate that the blood dilution 
was more than would be expected, witli a decrease of eleven points 
instead of five On the other hand, after a typical plasma injection 
the blood actually concentrated, the hematocnt increasing seven 
pomts instead of the expected decrease of four The excess dilution 
produced by glucose may be caused by an imracKliate inflow of tissue 
fluids mto the blood stream, but there is no evidence for such a 
response to concentrated plasma injections 

COMMENT 

The fluids used for intravenous replacement therapy of shock 
mclude (1) water, (2) crystalloids such ^ normal salme, Ringer’s 
solution, Locke’s solution, glucose, (3) acacia, (4) ascitic fluid, 
(6) whole blood, (0) red cells, (7) hemoglobm-Ringer solution, and 
(8) plasma 

Of these plasma has many special advantages, particularly m the 
treatment of shock under wartime conditions, and may be admin- 
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istered either in its natural state or as reconstituted and dried In 
the latter form its use has been emphasised by Hartman (1940), 
Hill and associates (1941), and many others 

A search of the literature reveals little that would throw light on 
the paradoxical blood-concentrating effect of plasma injections ob- 
served in our experiments Brennan (1940) noted (1) that as a 
result of hemorrhage the siae of the mdividual red-blood corpuscles 
increases very appreciably, often by 30 to 50 per cent or more, 
and (2) that after hemorrhage very considerable numbers of red- 
blood corpuscles become sidetracked withm the body, probably in 
the muscle capillaries Often more than 20 per cent of those origi- 
nally circulating were found to be '‘mtsemg” in this way Brennan 
considers that this is due to the inflow mto the blood stream of tis- 
sue juices of low osmotic pressure which later enter the corpuscles, 
causing them to swell and clog the capillaries If these corpuscles 
could be restored to the circulation, the number would correspond 
to that which would have been given by the transfusion of a liter of 
whole blood Brennan also shows, m sixteen cases, mainly neuro- 
surgical patients with extensive blood loss, that plasma transfusions 
will accomplish this return of lost red cells, and they are m reality a 
type of autotransfusion In those cases plasma from stored blood 
was diluted half and half with normal sabne solution and given 
rapidly, 600 com from 20 to 36 mmutes Serial red-ccll counts 
and mean corpuscular volume determmations mdicated that after 
the plasma administration the count mcreased appreciably, whereas 
the mean corpuscular volume returned to normal In one case m 
which a liter of plasma was given over a two-and-one-half hour penod 
the red-cell count mcreased gradually from 3 2 million to 4 2 million 
In another case the following changes occurred 

ReMlood edit Mem eorputadar 
Ml mdbm* doIuim 

Preoperstive 5 5 85 4 

Before plasms 3 4 184 6 

After plasms 46 01 1 

This work of Brennan’s is of tremendous importance, but un- 
fortunately no controls were presented Not only was the possibility 
that such changes might have occurred spontaneoiudy not discussed, 
but no mention is made of the poetnble of the spleen. Our own 
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expenments indicate that tbs organ may be the repository of the red 
ceUs that later flood the blood stream 

Our work differs from that of Brennan in one other important 
respect We foimd a fairly constant ratio between the changes in 
the hemoglobin and the hematocrit, both before and after plasma 

TABLE I 

COMFARATIVR HbMOOLOBIN AND HkMATOCRIT ElBVATIONR AFTBR 

Goncbntratbd Plasma Ikjsction 

It IB seen that the hemoglobin and hematoent readings agree dosely with 
each other, an indication that there is no marked change in the size of the in- 
dividual erythrocytes 

Injection of 100 c c four times concentrated plasma made m four minutes 


Time in tntntUeg 

IJemoglobin 

NematocrU 

after tn^edum 

gm / too c c 

percentage 

Control 

12 2 

38 

1 

13 5 

43 

5 

14 5 

45 

15 

13 0 

42 

60 

12 8 

30 

180 

12 3 

40 


admimstration (st^e Table I), a condition that shows an absence of 
marked change in size of the erythrocytes (mean corpuscular volume) 
This would mdicate that in our expenments there was no marked 
exchange of water between cells and plasma Brennan reported such 
an exchange 


CONCLUSIONS 

The intravenous injection of concentrated glucose solution in 
normal dogs causes blood dilution greater than would be expected if 
the vascular tree were a closed system The similar injection of con- 
centrated plasma under hke circumstances, so far from causmg any 
dilution, ^ects a paradoxical increase m blood concentration 

Hbnbt Ford Hospital 

DaTBorr, Michiqam 
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HEPARIN IN THE TREATMENT OF 
THROMBOSIS AND EMBOLISM 

CONRAD R LAM 

S INCE April, 1939, hepann has been used on thirty selected 
surgical patients at the Henr> Ford Hospital, Detroit, Michigan 
Several commercial preparations have been tned, and there has been 
a reasonable opportunity to study their potency and toxicitv A 
number of complications that have ansen m connection with heparm 
administration will bo summarized m this paper Hepann is in- 
dicated m any condition in which it is desirable to inhibit the clotting 
of blood In this series the most common mdication was the presence 
of pulmonary infarction, the matend bemg given to prevent further 
thrombosis and fatal einbohsm It is useful in arterial surgery, es- 
pecially m the removal of emboli from penpheral artenes, m end- 
to-end arterial suture, and in the grafting of segments of veins 
For details of the history and chemistry of hepann, the reader 
IB referred to the review by M F Mason (6) and the monograph by 
Jorpes (3) It was discovered m 1916 by McLean (6), who was working 
m Howell’s physiology laboratory at The Johns Hopkins Univer- 
sity, Baltimore, Maryland The first complete report on it was 
made by Howell and Holt (2) m 1918 In 1924 E C Mason (7) pre- 
sented the expenenco of doctore at the Heniy Ford Hospital in the 
use of heparin in transfusions There were many toxic i^mptoms, 
consisting of chills, fever, and headaches After the purification 
of the matenal by Charles and Scott (1), Murray (8) of Toronto used 
it clinically in a large number of patients 

The common method of administration of hepann is to give it 
by contmuous mtravenous dnp Before sljprting the treatment the 
clotting time of the patient’s blood is determmed, and the dosage 
is so adjusted that the clotting time is kept at about three tunes the 
normal value 

The choice of the clotting-time method is important In most 
of the cases m this senes the time was detennined by the capillary- 
tube method, in which capillary blood is obtained by finger puncture 

689 
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By this method the normal time is three to five mmutes If venous 
blood IS drawn mto the capillary tube, it is six to seven mmutes 
If the test*tube method is used, the time will usually be eight to 
ten minutes When the time has been elevated to the accepted 
optimum level by the use of hepann, it diould be about fifteen 
mmutes by the first method, twenty by the second, and thirty by 
the third 

Figure 1 shows the effect on the clottmg time of two brands of 
hepann For two days a patient was given Connaught Solution of 
Heparin, prepared at the University of Toronto The material was 
administered by continuous intravenous dnp as a “2 per cent” 

SF PARTIAL aumBCTOMnr 
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Fra I , Hepann chart of a patient who waa treated with Connaught Hepann 
and Liquaeniin for a penod of euc days The clotting time waa determined 
by testing capillary blood by the capiUaiy-tube metiiod 

solution. This means that 10 cc of hepann (10,000 umts) was 
added to SOO c e. of physiologic sahne solution Actuidly, the con> 
centration of crystalline heparin in such a solution is only 0 02 per 
cent, because as it is supplied it consists of 100 mg of hepann dis- 
solved in 10 c.c of physiologic saline solution (1 per cent solution) 
At the end of the second day a different brand of hepann was begun, 
namely, Liquaemin (Koche-Organon, Inc ) Comparable amounts 
of this material produced the same effect on the clotting time, and 
there were no chills or other toxic manifestationB It will be noted 
from the chart that 10,000 Liquaemm umts were equivalent to 2,000 
Connau^t umts This apphes to the Liquaemin brand of hepann 
marketed m November, 1940, at the present tune this brand is 
placed in a 10-c c. vial, and each vial contains 100 mg, of the cry»* 
talline material 

Heparin adminutration is not without oompheations. Difficulties 
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may be encountered as a result of the long-continued mfusion of 
saline solution McClure and Lam (4) reported a case with generalised 
edema from excessive salt intake This trouble has not been en- 
countered since heparin has been given m stronger concentrations, 
namely, 2 or 4 per cent It is madvisable to give more than two 
liters of saline solution per day In patients with cardiac disease 
even small quantities of intravenous salme may be contraindicated 
If heparin therapy is imperative, as it would be after embolectomy 
for peripheral embolism, it may be better to give the material inter- 
mittentlv in the undiluted state Usually, 4 c c is injected intra- 
venously every three hours 

Hemorrhage from the operative wound a as noted four times 
Two patients bled from popliteal wounds which had been made 
during the course of embolectomy One patient had vaginal bleeding 
after hysterectomy, and one had hemorrhage from the operative 
wound made by the dissection of an extensive fistula There was 
one case of concealed hemorrhage in a location remote from the 
operative area The patient was an obese womw who had had a 
spmal fusion She was hepanniaed on account of pulmonary in- 
farctions On the third day of treatment she developed pam m the 
left thigh, and on the fifth day a swelling was noted, which proved 
to be a huge hematoma It is probably significant that the blood 
ascorbic acid in this patient was only 0 20 mg per cent, which m- 
dicates latent scurvy 

There were four instances mild phlebitis ^ter the use of a 
continuous mtravenous cannula in the leg Without exception such 
inflammation disappeared rapidly, but this experience indicates that 
it IS probably preferable to use a vem on the dorsum of the arm or 
hand, with a needle fastened securely m place 

Four patients have died during hepann administration Three 
of these deaths were certainly qnrelat^ to the treatment, but the 
fourth was apparently due to massive embohsm occumng on the 
seventh day of heparinuation The first patient was a man of 
69 years who had artenosclerotic heart dise^, with auncular fibril- 
lation and large infarcts of the lungs from femoral phlebitis At 
autopsy there was no evidence of fresh infarction The second pa- 
tient, a man of 69 years, was m terminal heart failure, and expired 
soon after an unsuccessful attempt to remove an embolus from the 
iliao artery The third had hemiplegia from occlusion of the mtemal 
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carotid artery, and hepann was given for this condition without 
benefit 

The fourth patient had a typical pulmonary embolism on the 
thirtieth postoperative day after drainage of an appendiceal abscess 
She was given heparin for one week, at the end of which tune she 
had sudden respiratory distress, began to cough up bloodnstreoked 
sputum, and rapidly developed cyanosis, air hunger, and cold skin 
She expired twenty-four hours after the onset of the attack An 
autopsy could not be obtained, but climcally this appeared to be a 
second pulmonary embolism A review of the clottmg-time records 
showed that for several days it had been about ten minutes, but on 
one occasion it fell as low as six minutes Whether a new clot formed 
or an embolus broke off a preexisting clot will never be known 

BUMMARl 

The experience m th(* treatment of thirty patients with heparin 
has been presented, including the complications encountered Two 
satisfactory preparations of heparin for clinical use are available 
These are Liquaemm (Hoche-Organon, Inc ) and Solution of Hepann 
(Connaught Laboratories, Toronto) 

Division of Qbnbb^l Surobky 

Hbnrt Ford Hospital 

Dbtroit, Michigan 
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CHARLES HORTON COOLEY AND 
AMERICAN DEMOCRACY 

EDWARD C JANDY 

H istorically speaking, every major soctal movement re- 
sults m profound changes in the whole structure of a society 
In such movements we are dealing with collective behavior on a 
grand scale; hence it is only natural that sociological mterests 
should be mvolved Yet it must be admitted that not all sociolo- 
gists are fitted for the task of analyamg these large-scale social 
trends, either by temperament or training It takes a brooding 
mmd, capable of considerable personal detachment, insight, and 
broad vision, to sense the motif, Uem, or Geul that operated m a 
society or a whole culture For such a task Charles Horton Cooley ^ 
was singularly equipped. He had the artist’s impatience with de- 
tails and fragments that did not fit mto larger wholes The organic 
character of his thinking drove him to the pursmt of that which was 
umversal and timeless m the social process In one less competent 
such a tendency could load mto many an mtellectual blind alley, or 
mto the fog of mysticism 

Cooley, son of Thomas McIntyre Cooley, who was one of the 
first professors of the Umversity of Michigan Law School and a 
justice of the Supreme Court of Michigan, was bom on August 17, 
1864, m Ann Arbor, Michigan, into a miheu which fostered every- 
thmg democratic His father was a living symbol of democracy’s 
proud boast that anyone with some natural gifts, drive, and am- 
bition could make good if he seised the opportumties about him 
The Cooley family bfe was conducive to ^'n^t development” and 
self-expression in the democratic tradition.* The whole commumty 

* CharlM Horton Cooley (1864-1020) wm a pioneer m eoaology, author of 
Huffloa Katun and th$ Saeial Order (New York Chailes Sonbner'a Sons, 1002, 
revised 1022), Social Organiaahon (New York Charies Sonbner’a Sons, 1000), 
Saeial Proeiu (New York' Charles Senbner's Sons, 1018), Life and the Student 
(New York: AUrtd A Knopf, 1027), and of eone twenty-five articles likewise 
in the field of aooidogy 
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reflected the free atmosphere of Midwestern Jeffersonian democ- 
racy And the University of Michigan, about which this commu- 
nity life mainly revolved, was agam symbohc of one of democracy’s 
most vigorous, healthiest institutions — free higher education, with 
its liberal temper On its spintual side, Cooley’s democratic faith 
reflected the breesy freshness of Emerson and Whitman, on its 
academic side, the scholarly thoroufduiess of Lord Bryce 

It was m Social Organization that Cooley first focused any ex- 
tended attention upon democracy and the “democratic nund ’’ He 
saw democracy as a triumphant emergent in the struggle for ex- 
istence among political and social forms 

The world is clearly democratizing, it le only a question of how fast the 
movement can take place, and what, under various conditions, it really involveH 
Democracy, instead of being a single and definite pohtical type, proves to be 
merely a principle of breadth in organization, naturdly prevalgnt wherever men 
have learned to work it, under which life will be at least as various in its forms as 
it was before ’ 

Unlike a good many of our contemporaries, Cooley never felt 
that one could pm democracy to a single pomt of definiteness He 
had early concluded for himself, as has been indicated, that it is a 
way of life, something that can be given a wide scope Some present- 
day devotees of democracy are just now awakemng to the sig- 
nificance of this But a number of ideas and ideals are basic to 
democracy, Cooley strongly believed Pnmary groups have as their 
function, in part, the transmission of fundamental ideals and senti- 
ments to each oncommg generation These same ideals, having their 
spnngs in the playground and the local community, “embracing 
equal opportunity, fair play, the loyal service of all m the common 
good, free discussion, and kindness to the weak,’’ underhe both 
Christianity and democracy If these modes of life have achieved 
no notable application to the larger commumty, it is only because of 
the magnitude of the task To put the matter otherwise, Cooley 
saw Christianity (not the Church) and democracy as protests against 
all that 18 formalistic and dead in mstitutions. “An ideal democracy 
18 in its nature religious, and its true sovereign may be said to be the 
higher nature, or God, which it aspires to incarnate in human m- 
stitutions * Perhaps this is one of several instances in which 
Cooley’s particular combination of ethics and rdii^n was a Ut 

* SoeuA Orgamatun, p 120 
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rash. It IS understandable, however, when we call to mind that 
Cooley, hke Emerson, was an ardent champion of ethical sovereignty 
in matters that pertamed to human nature and the social order. 
Both were not so much fighters for democracy as cntics of it 

It would thus be grossly erroneous to assume that, because at 
times Cooley’s philosophical enthusiasm got m the way of fais sounder 
judgment, he was unmindful of the weaknesses and shortcomings 
of democracy. He had learned too much from its opponents — 
Le Bon, Macaulay, Lecky, Sighele, and Sir Thomas Brown — and 
its more fnendly appraisers — De Tocqueville and Lord Bryce — 
for that Of the commercialism in our culture, its huny, waste, and 
stram, he was fully cogmzant they are unlovely and uncongeiudL 
soil for nurturing higher values, but understandable concomitants of 
a pioneer age of diffusion, flux, and instabihty Elemental to Cooley’s 
faith was the idea that human nature is prepared for a higher organi- 
sation than we have yet worked out; democracy for him vras the 
experimental proving ground for this. “The more men expenment 
intelligently with hfe, the more they come to believe m definite 
causation and the less in trickery Freedom memis contmuous ex- 
penment, a constant testing of the mdividual and of all kmds of 
social ideas and arrangements ” * 

Basic to our democratic social orgamsation is our open class 
system Within it the individual attuns his place by means of 
competition rather than descent Cooley felt tiiat m our country 
the trends toward the mcrease or dumnution of caste development 
are mixed Up to now our rapid social change, tiie high mobihty of 
our population, the swift growth of mties, with thdr mcreasmgly 
speciahsed functions, have all militated against ciystalluation of 
classes With continually more stable conditions, m a population 
comparatively established, the pnnciifle of inheritance in property 
and function will have a greatef chance to express itself. To keep 
classes from becoming closed, democratic forces uid ambitious youth 
will have to assert tiiemselves more and more. Flagrant mequidities 
must be watched for with vigilance and reduced by social reform, 
since with them comes a lestnction of opportumiaes. Conceniing 
this, Cooley remarked prophetically* 

Under our flexible modem oonditions, it » safe to eey, no system oen endure 
that does not make a point of propitiating the formidable ambition of youth by at 

« 7M,p.l88 
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least an apparent freedom of opportunity. Even tiie inhentanoe of property is 
oonstantly questioned in the minds of the young, and nothing but the lack of a 
plausible alternative prevents its being more sarioudy assailed And smoe this 
stronghold of inequality can hardly be shaken, tiiere is all the more demand that it 
be offset by opening every other kind of advantage, especially in the way of 
education and traming, to whomsoever may be fit to profit by it ‘ 

On the matter of class consciousness and the question of its 
desirabihty, Cooley was specific and hopeful That there are kmdred 
sentiments, thoughts, and feelings which separate people mto classes 
and even make these classes antagonistic to each other is evident, 
he felt that such division, in our country, would mcrease rather than 
decrease But Cooley's optimism and faith m our democracy were 
too staunch to lead him to believe a class war possible here His 
answer is remarkably simple 

I aee no reason Cfor it3 unless it be a guilty conscience or an unbdief in moral 
forces A certain sort of agitators expect and desire a violent struggle, because 
they see pnvilege defiant and violence seems to them the shortest way to get at it, 
and on the other hand, there are many m the enjoyment of pnvilege who feel in 
their hearts that they deserve nothing better than to have it taken away from 
them, but these are naive views that igaate the sobdity of the present order, 
which insures that any change must be gradual and make its way by reason • 

Yet despite this rather facde attitude toward what is now a 
crucial matter, Cooley admitted the need of some sort of class con* 
sciousness it keeps the group concerned from becoming isolated, 
degraded, ineffective; moreover, it enables it to inotect itself from 
encroachment and neglect by a stronger class Open classes can 
only remain so if there is not only freedom to nse from class to class, 
but, more important, freedom to develop according to one's capaci- 
ties within the class m which one finds oneself. Cooley concludes 
that “the multitudes who have nothmg but tiieir human nature to 
go upon must evidently stand togetiiier or go to the wall ’’ ^ 

It is worth notmg that there is nothing equivocal about Cooley’s 
treatment of social classes One would go far and wide in tiie field 
of sociology to get a better, more balanced, saner view of ihe mat- 
ter He recogmsed that, fundamentally, it is tangible wealth whuh 
separates our classes, that the group in whose hands the greatest 
w^th is grasped also wields the power that goes with it. He de- 
spised the mere pursuit of money and respected those who did with- 

• BeeUl CttanitaUw, p 388 

* nnd,p 241. 

1 Ibul,p 247 
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out it, or shutmed it to maintain their mdividuality For him the 
capitahet class is fittest m the sense that it has energy, teaacity, and 
shrewdness, these do not make it morally the best Its deficiendes 
in this respect are due to the impersonality of the commercial world 
and to the fact that in that world no definite rules of morahty can 
be found 

Since it IS hard to say what ts just uid honest m the vast and abstract opera- 
tions of finance, human nature le apt to cease looking for a standard and to 
seise booty wherever and however it s^dy can Hence the truly piratical 
character ^ many of our great transactions And in smaller matters also, as in 
escaping taxation, it is ctften fatally easy for the neh to steal * 

The Machiavellian opportumsm and the piratical character of a 
wealthy class, its arbitrary control, all belong to an autocratic rather 
than to a democratic society There is no miatnlfing Cooley’s view 
as to how some of this will need to be changed 

In some form or other the democratic principle is sure to make its way mto 
die economic system Cooperation, labor imiona, pubhc regulation, pubbc 
ownership and the informal control of opimon will no doubt all have a part, the 
general outcome being that the citisen becomes a more vital agent in the life of 
the whole ' 

Nowheie does Cooley display deeper human sympathy than in 
his views on the struggles of the lower, ill-paid classes Anyone 
liberally mmded can get much stunulus from his lucid treatment of 
social problems He deplored the betrayal of the class from which 
they spring by young men as soon as they become educated and miter 
fiel^ of larger earnings No less did he deplore the betrayal of the 
hand-working classes by leaders who are “bought off” with big 
jobs from the mdustries whose workers they seek to organise He 
hkewise recognised the dangers in unions dominated by irresponsible 
leaders Notwithstanding this, Cooley f^t that tiie oppressive ac- 
tion of wealth, of big mdu8tnes,^uld only be escaped by organi- 
sation of the ill-paid classes for thmr own protection, the trouble with 
labor unions having been that they "embrace so small a proportion 
of those that need their benefits.” ** ” 

There is nothing much wrong with our present ideals of democratic 

• iM,p 260 

*Jhd,pm 

** See, m support of this statement, Codey, C H., Angell, R C , and Carr, 
L. J , /nlroductorp SocuAogy (New York’ Chadee Beribnar’s Sons, 1038), pp 
326-380 
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freedom m the various categories of American social life The dif- 
ficulty IS that we do not extend them far enou^ beyond the pohlacal 
sphere mto mdustry and commerce Here alone all the pnde and 
ambition of the mdividual needs to be enlisted It is just here that 
democratic and autocratic ideals meet m conflict Strikingly apropos 
to our present economic situation and our concern about our demo- 
cratic heritage are Cooley’s views Thus m connection with the 
freedom of each man to nsc to a higher social class he remarks 

. it 18 possible to have freedom to nee and yet have at the same time a 
miserable and perhaps degraded lower class — degraded because the social system 
18 administered with little regard to its just needs Tins is more the case with 
our own industrial system, and with modem society m general, than our own 
self-satisfaction commonly perceives Our one-sided ideid of freedom, excellent 
so far as it goes, has somewhat bbndod us to the encroachments of slavery on an 
unguarded flank I mean such things as bad housing, insecunty, excessive and 
deadening work, child labor and the lack of any education suited to the industrial 
masses “ 

When one remembere that Cooley held these enlightened views on 
class relationships more than a quarter of a century ago, one has a 
healthy respect for him 

To classify Cooley as an mtellectual bberal is to state an evident 
fact. He did not go down among the idols of the market place m an 
iconoclastic mood, with a big stick m hand, but he did cnticise the 
devotees of these idols for the opacity of theu* social vision and their 
lack of sympalhy with the problems of their less fortunate fellows 
Some might deprecate his views on the ground that they are value 
judgments and lack objectivity To these one can almost hear 
Cooley say, “Assuming that to be true, what do you make of it?" 
Objectivity can be a mask behmd which are hidden the petty fears 
and class bias of a nund that is hberal only when it costa nothing to 
pose as such.'* One is never puzzled as to the real convictiona cS a 
hberal like Cooley; he teUa you what they are. 

Cooley saw m socialism “much of what is most vital in the con- 
temporary making of the democratic spint ” And for those who 
championed unorthodox views he had a healthy tolerance Here is 
a statement from Life and tite Student, written in the spmt of Bagehot 
and Montesquieu 

** 8eaal OrgamMotiun, p 27fi 

** Oodey would doubtiess have enjoyed much of BrAiert lynd’e KnouMfe 
for Whatt (Frmoeton, N J.. Prinoeton Univetsity Press, 1989). 
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There are three irrefutable reasons why views that seem dangerous, un- 
patnotic or otherwise abominable should be freely expressed 1 Discussion is 
the only way to modify or control them 2 It is the only way to mobilise con- 
servative views in order to combat them intelligently 8 They may be nght ” 

The wnter cannot restrain the unpulse to quote at some length 
a view Cooley expressed toward the end of his career It synthe- 
sizes, m that inimitable style of his, a whole lifetime of sympathetic 
observation of Amencan life and mstitutions Here we have a superb 
descnption of our Amencan class ethos, for brevity and incisive 
satire without a peer m social-science hterature If Cooley had 
written nothing more on social classes m our democracy one could 
have mferred from it alone much of his position on the subject* 

The Friday Morrung Matl^ a splendid magoEine, yours for five cents, read by 
all business men and most college students, having a fabulous income from ad- 
vertising, is a mirror of our state It has amusing stones, informing articles, 
illustrations, cartoons, all good of their kind Our civihzation is exalted, the 
capitalist admires himself and his world The nde of business men is assumed to 
be natural and beneficent, insurgency, if mentioned at all, is discredited m the 
articles and dended in the cartoons The young are assured that all have an 
equal chance and that enterprise and virtue wiU gaui them nchee and power 
Poverty is either a myth or a just punishment You would scarcely learn of a 
strenuous and high-minded labor movement, winning human conditions of living 
inch by inch in a long struggle against the inertia, greed, and detraction of em- 
ployers The atmosphere is tliat of an energetic, good natured, naively exploiting 
class, by no means hardened or sordid, but superficial and with little sense of 
social responsibility The American business man is, typically, a good fellow 
who knows only one sort of idea and has been brought up to believe that virtue 
is measured by what you can got A elaee of such men, possessed of power and 
drwen by enadatton, can and do impose thetr oim spirit upon society at ike expense 
of democracy t eommundy, beatdy, futneee of life or anything else with which tl may 
conflict ” 

Cooley m the words just quoted was more prophetic than he 
knew They were written at a time when the country was at the 
high tide of prosperity, when, according to some of its rasher prophets, 
poverty was abwt to be banished forever But disaster was ahead, 
economic disaster, not only for the United States, but for the world* 

Life and the Student, pp 21-22 

M Ibid , pp 44«-46 This whole Part I, “Our ^me,” Is perhaps the most 
fearieasly worded of all Ckioley’s views Such writing in our universities can only 
come from men who are thenmlves “institutions “ on our campuses The healthy 
hbemlism expressed by Codey, his rare insight into what is weak in our democ- 
racy, and hence to be excised, and into what is strong and therefore worthy of 
perpetuity, are a rare treat to the reader who likes danty and dignity side by 
nde with npe scholarship 
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Had Cooley bved a httle longer he would have seen the America he 
loved economically humbled, sharing m a worldwide depression that 
was to be more disorganizing and demoralizmg than but a few dared 
think. He would luive seen unemployment on an unprecedented 
scale, men disillusionod and in despair, youth wandenng in hordes 
from one end of the country to the other seeking opportumties for 
work that did not exist He would have seen insurgent farmers re- 
sisting at the point of guns those who came to dispossess them and 
other masses of farmers, whom nature had dispossessed, migratmg 
to the sunmer and more hopeful climes of the West Coast, but re- 
jected everywhere, starved and even beaten But more, Cooley 
would have seen labor violence in its most virulent form, and the 
democratic ideals he championed placed in jeopardy In short, he 
would have seen ushered in a new era of crowd phenomena, a national 
potpourri of blatant demagogues peddhng their socioeconomic nos- 
trums to receptive groups of the disinhented and dispmted, and 
he would have heard loud appeals and warnings from clergy, pob- 
ticians, statesmen, and not a few educators In this kind of hystencal 
Zeitgeist the C3ooleian type of thinker is at a premium, for the clarity 
of his mental processes, his patience, and his broad tolerance appear 
to be mdispensable 

In the closmg of the frontier, m the mcreased mdustnahzation 
and the further urbamzation coincident with it, and m the cutting 
off of unimgration we have signs of our commercial civilization's 
achievmg matunty Arc classes becoming more frozmi, so as to un- 
pede the free circulation of individuals from level to level? Is there 
any notable rise of a dependent class? Has there been a closure of 
opportunities for youth, and does youth tend to follow more the 
occupational functions of the fathera? Has class consciousness m- 
oreased and has this tended toward greater ectmomic constraint, 
tensions, and conflicts? What of that shook absorber between the 
upper and lower classes — our so-called “middle class"? Are our 
whole class structure and our democracy at all involved in the pro- 
found social movements going on abroad? These are legitimate 
questions, which Cooley would doubtless nuse on the basis of his 
own views of social clasra 

Although Cooley never looked for a classless society to develop, 
he did feel that here “classes will be mainly functioning groups, in- 
creasingly open to all through a democratic and selective system of 
education." This optimism is no longmr warranted. There is con- 
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mderable support for the belief that many of the eonditioiis that made 
for our open class system no longer obtam This is well portrayed m 
Recent Social Trends 

llie occupational shifts of the last decade eidubit the marked charactenstics 
of a maturing mdustnal and commercial civilisation m which freedom of em> 
ployment opportunity is more limited than m days of vast imdsimed resources 
and a beckomng frontier There is reason for increasing concern with the re- 
vamping of traditional educational and training patterns as a means of enhancing 
the human values of modem life With the twentieth century has come the 
beginning of a new quest for stabdity and seeuiity m life m contrast to the easy 
reliance upon indefimte expansion charaotenstio of a country in ita growth " 

In Middletown in Transition the Lynds show the rlianges that 
have taken place with regard to traditional opportunities open to 
enterpnsing men *'with an idea and a shoe string for capital ” ** 
These opportunities have gone with the depression Numerous other 
studies also pomt to the restriction of jobs for American youth and 
the curtailment of outlets for ambitious endeavor ” Sorokm corrob- 
orates all this by suggesting that although there has been much 
occupational shifting — that is, mobihty from job to job — httle 
actual change in class status is evident ** 

Cooley once made the interesting statement that one could not 
find m America a writer of note who would agree that the modem 
industrial order is making for a permanently factory-dependent 
class This, too, is no longer true There is fairly general agreement 
among economists that cychc breakdowns are mdigenous to our 
economic system, that an ever larger propertyless class, the dispos- 
sessed, as well as an increasing army of uneroployables are concom- 
itants of technological advance There is litlie evidence, however, 
to support Cooley’s suspicion of a growing tendency for sons to fol- 
low m the occupational footsteps of their fathers Sorokm m his 
comprehensive work does not find this to be so to any appreciable 
degree ” 


** Ogbum, William F , and othera, Rteeni Seoul Treads (textbook ed , 
New York and London. MoOnw-Hill Co , Inc , 1^), I 200 

Lynd, Robert and Helen Merrell, MtddlMeun in TransUten (New York 
Haroourt, Brace and Co , 1987), p 09 Further ample support for this belief may 
be found m Coiey, Lewis, The Cnsu of Iks Middle Claie (New York Covim 
Friede, Inc , 1980) 

" The nmtto of an Eastern graduating dsss, “W P.A , here we cornel” is 
ironically cyaq^tomatic of the closure of opportunHiee which Cooley feared 
u Sorokm, Pitinm, Seoul MdMUy (New York. Harper and Bros , 1987), 
Chapa XVn-XVlII 
» Ibid 
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The occupational shifts of the past fifty yean that provide evi- 
dence of a decline in the number of independent worken — profee- 
sional men and officials — and of a constant mcrease m the depend- 
ent classes — mdustnal wa^e earners, servants, and lower-salaried 
workers (the white-collar class) — are nothmg short of phenomenal 
All this has taken place in the transition from an agneultural to an 
mdustnal economy ” There is some suspicion that it is becoming 
more difficult for young men to enter the profesaons without the 
support of other professional men The large number of professional 
men on the relief rolls of the country is without precedent Whether 
this mdicates a constnction of class Imes is a question, that it indi- 
cates a swellmg of the ranks of a dependent group is not 

Further confirmation that our dependent class is growing is best 
provided by the tragic plight of our farmers For more than fifty 
years now farm tenancy lias been upward, and the equity holdings 
of our farmers alarmmgly downward, smee 1920 farm conditions, 
because of a shnnkage of income and an mcrease m foreclosure, es- 
pecially during the depression, have beon extremely critical The 
senousness of this situation is patent m that traditional methods of 
relief appear hopeless The nse of a dependent class in Amenca is 
an ugly though inescapable fact 

As to what all this implies m the matter of class consciousness, 
we cannot be so certain Histoncally, the free movement up and 
down the scale of our classes has worked against the develoimient 
of cohesiveness Common sentiments do not easily develop where 
much shifting takes place or where there is a persistent feeling and 
hope that one may rise through abihty to a higher rung on the social 
ladder However intangible and difficult of measurement class con- 
sciousness may be, there can be no doubt that it tends to mcrease 
when tensions develop or break into open conflict T^isions and 
conflict are generated m periods of economic enris and disorgani- 
zation 

The World War forced the class strug(^e out of si^t, but from 
1919 to 1921 there was a recrudescence of it Manifestatioiis were 
agam evident m the ugly temper of our insurgent farmers in 1933, 
when, for the flrst time m our history, Negro and white diarecroppers 
in the South organized, despite traditional taboos. Claas feel^ is 

* VtuUd Statu Cenmu ReporU, *'Oooupb9oiui 1 Statutioi” (WasUngton, 
D, C TJnitsd Stat« Bureau of Prmtiiig, 1980) 



Charles Horton Cooley and American Democracy 706 

undexuably apparent m the epidemic of sit-down strikes in some of 
our major industries and m the extreme violence of conflict in some 
of the steel mdustnes Here and there, furthermore, large employer 
groups have shown an impulse toward total war on organised labor, 
as evidenced by vigilantism and industrial espionage On the other 
hand, the meteoric nse in labor unions of common sentiments and 
interests during the past few years has strengthened labor conscious- 
ness and even given labor a sense of unity and power If, lastly, we 
consider the emotions of the vast army of the unemployed and 
unemployables supported by government largess and constantly 
aware of the indigmty of their position, we have ample evidence to 
support the view that however inchoate class sentiment still is, it is 
on the mcrease 

In discussing the class-struggle theory, Moms Ginsberg makes an 
observation worthy of note He says 

datt struggle, too, passes through various stages There are penods when 
the antagonisms of class interests are obscure and class conflicts are either totally 
concealed or of a minor character Sooner or later, however, when the productive 
forces of society reach a point where their further devdopment is obstructed by 
existing social institutions, the class struggle becomes acute and it is then that it 
becomes the main driving force of social reorganisation 

Are we at the stage when existing social institutions are so lagging 
behind the needs of a new era that class struggle becomes acute? 
There are many able social theorists who frankly beheve this to be 
true, very obviously true on the Continent and m England, perhaps 
less so m the United States ” 

Harold Laski, regarded as an astute pohtical scientist, surveys 
contemporary times and presents a realistic though unencouraging 
picture ^'The general temper of the world is one of profound and 

" Omsberg, Moma, “Class Consdousness,” m Bneydopedta of the Soaal 
SeteneeB (New York T1^ Macmillan C6 , 1080), Vol III 

Among the writers who hold more or less to what Cooley would call “the 
total cleavage theory of social classes” are the following Laski, Harold, Democ-^ 
racy %n Crtcts (Chapel Hill, N C University of Noi& Carolina Press, 1833), 
The State tn Theory and Praetuse (New York Viking^Press, 1836), Where Do We 
Oofrom Heref (New YoHe Viking Press, 18M); Stracb^, John, The Comtng 
Strugt^ for Power (New York Covict FViede, Inc , 1^); Corey, op eU , and 
The Dedtne of Ammean Capdahem (New York* Covici Fnede, Inc , 1834); 
Palm, Franklin C , The Middle CIomss, Then and Vow (New York' The Mac- 
millan Co , 1836); Davis, Jerome, Contemporary Soend Mooemente (New York* 
The Century Co., 1880). Ilieee books, with the exception, perhaps, of Davis’s, 
have raoeiv^ oonsidmble notice from social sdentiBts in the Umt^ States 
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widespread disUlumoiunent. Our generation seems to have lost its 
scheme of values Certainty has been replaced by cymdsm; hope 
has given rocnn to despair.” * He shows how this spirit is reflected 
in art, hterature, and music, and continues. 

The iiwtiliations which, e generation ago, were bardhr challenged — the 
pubho eohooh in England, tito n^t of Amenoan buaineee men to shape the ethos 
their civilisation — are now being cnticiaed with an angiy hoetiliti^ which 
assumes that they are permanently on the defensive 

Nor u this aU The foundations of our civihsation are bemg subjected to a 
cnticunn more thoroughgoing tiian at any period smee Rousseau burst upon an 
eighteenth century ** 

Laski then takes up some of the sore spots of modem capitalist 
democracy the perpetual state of insecurity of our working classes, 
unpenahnn and nationalism, with their breeding of wars; tiie 
substitution of the divme ri^ts of the capitalist elaM for the old 
divine rights of kings; the worship of the god of property ri^ts over 
all others, the decay of representative institutions, such as parlia- 
mentananism in its various manifestations, both m En^and and 
Amenca; and the perilous decline m dvil hberties 

Unlike Cooley, Laski does not believe more opportunity for edu- 
cation will work toward keeping classes open On the contrary, he 
is of the opimon that more education for the masses will lead to a 
different sort of awakenmg and mmutains that capitalist democracy 
IS m a crisis because it cannot “bring hberty in just relation with 
equality,”* that is, capitalism attempts to preserve existing in- 
equalities, which democratic proceee, throu^ education, sedcs to 
a^lish And because eafntaiistic democracy tends to be an unequal 
society, it has within itself the forces of its own deterioration. It is 
not so much a question of whether democracy wdl survive as of 
whether it can mamtain its capitalistic frameworin Whether Cooley 
would demur at the last two conclusions is a matter of doubt. On one 
baric point Cooley and Laski agree — there is nothing in socialism 

** Dmoeney m Cnm, p 16. 

•« /W,pp. ia-17. 

* There it much evidenoe to support this view For sunilar eipreeeinne see 
Riueell, Bertrand, Freedom eereue Orptmuahon, 18iJ^191A (New Ywk* W. W 
Norton and Co., 1084), "liberty and Equalitir”; Bappeid, VilUam,rAeGriettef 
Dm«oftuy (Harna Fbundatfam Lsetim) (Chioago: Univerrity of Ghioago 
Prese [1088]), oepeoially C3 mp VI, "The Future of Demoeraoy”; Momain, 
Charles E , The iVeie Aemomuy and Me Ntw Dttpalum (NSw York IM Londou. 
MoQrawdliU Co , Ine , 1080), espeoislly Part n. 
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antithetical to human nature; on another th^ are vide apart, for 
Laeki expresses doubt that a peaceful tranation from a capitahstic 
to a socialistic state is possible.** 

It 18 quite likely that Cooley would have found Laski too gloomy 
a prophet, for Cooley had faith that our democracy is sufficiently 
elastic to allow for broad experiment and that through mteOigent 
leadership and appeal to the masses it can develop the institutions 
essential to its perpetuity On the other hand, tiiere are those who 
would accuse Cooley of the sune romantic optimism m democracy 
that characterised such early mtellectuals as Emerson and Whitman 
With him, as with them, it was a religion 

Less than two decades after the appearance of Cooley's Soeud 
OrganveaHon some of the general romantic optimism began to be 
displaced by an out-and-out pessimism This pessimism expressed 
itself in the poetry of Edwm Markham, Edgar Lee Masters, and 
even of Carl Sandburg, in the literature of Zona Gale, Booth Tark- 
ington, Winston Churchill, Smclair Lewis, and John Dos Passos, m 
the religious writmgs of men like Harry Emerson Fosdick, and m 
the historical treatises of such authors as Charles Beard, James H 
Rogers, and James Truslow Adams In all these wnters we have 
mcinerating cnticisms of our economic, political, and social insti- 
tutions The idols of the market place with their middle-class dev- 
otees were the special target of attacks The late Professor Vernon 
L Farrington summarises the situation wdl and even adds a star- 
tling prophecy: 

Our iatolleotual fautory fsUa into three broad phaaee Calviiustio 
peeeimiam, romaatio optumam, and meohanutic peemmiwn Between the first 
and the last liaa the Ainenoa of yeaterday that ahi^ied the Amenoan nund and 
Amenoan inatitutions, and with the aubmergenoe of the native world, we are in 
the way of rqieating here the familiar history of Europe, with its ooermve regi- 
mentationB reproduced on a large scale and m more meehanioal fashion Onee 
more a gloomy philosophy stands on tiie threahidd of the Ameneaa mind 
Whether it will enter and take possession ci the houadiold, no one can imdict 


** Historieally it is true, of course, that aD revolutionary movements are 
accompanied by changes in the whde eomal structure and in the cUms system 
within It In later book. When Do We Oo from HerOt, ladu is not witiiout 
hope that in Enidcad this transition can oome about wHbout viOleDoe, if, that is, 
certain oonditiona can be fulfillad: the workers must recognise tbeu onmrtumty 
and the upper classes most become conscious that they wiU bring about tiwir 
own downfall if they do not ooOperate inteUigantty for a more equal sooieti' 
lUs is an important condition, but one Cooley wodkl periiapo approve. 
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yet . Yet it la not without hope thi^ inteffigut Ameiiaa ie in revolt, the 
intellectUBl is m levolt, the oonecienoe at America le m revolt * 

Since these portentous words were written, little has occurred to 
diminish the skepticism, and oven the pessimism, they imply 
Singularly notable is the vast array of hterature that, starting in the 
post-World War years and reachmg an ommous crescendo m the 
past decade, deals with the crisis of democracy ** 

There is a consensus among the most competent students of the 
contemporary scene that no greater threat to the democratic way of 
life exists than fascism Few have stated the situation more sue* 
cinctly than that able and discerning statesman. Dr Eduard BeneS 

This aproad of totalitarian regimes in Europe detenmnea the whole devdop- 
ment of international and European pohtica Tlie present confusion, mseeunty, 
and anarchy in culture, morals, politics, in society and economics is both its 
consequence and its expressions All these facts represent the real tragedy of the 
European nations after the lost world war and illustrate in full danty the whole 
moral crisis of present-day Europe * 

Among the many interpretations of fascism is one that sees it 
as the last attempt of the upper class to hold its Imes of power and 
control Without the support of that class, m this interpretation, 
no dictator rises to or long remains m poww The middle class, 
always uncertam of its r 61 e, then looks to mere survival, and, fearing 
less the ills it might have under fascism than those threatening it 
under communism, casts its lot with the upper class and the new 
elite The status quo of class relatums is now froxen; educational 
opportunities and economic competition are denied to all but the 

" Afaui Currants tn Xmanoan Thought (aos-vdimie «d ; New York* Har- 
court. Brace and Co , 1826), Book III, Fmewetd, pp nx-xx Pamiigton died in 
1029, as did Cooley; present trends are teetunony to the realistic undentanding 
be h^ of the Amencan mind and temper 

■ We ate but a few of the alder bod» ladn, opera eU , Bappard, op 
at. (P rof essor Bappard calls attention to die extensive poetr-Worid War litera- 
ture dealing vanoualy with the ensu of democracy; see pp 188-186); Counts, 
Oeorge 8 , Tho Prospects qf Amencan Dmoauep (New Yoric* The John Day Co , 
1988); Merriam, op at, Benei, Eduard, Domoemey Today and Tomorrow 
(New York* The Macmillan Co , 1988). This last book, by one of the foieiaoet 
statesmen of Europe, the former prudent of tiiat prmniamg but now exbnot 
dssnocraoy Cseohoelovalaa, is eapwdally exceHent if for no other reason than 
that it is written by a statesman iriio is idso a sehoh^sooiriagist Cooleywould 
have been much impressed by it beeause he would have dum the enthusiasm 
and abidiag rsalistio faith of Benei in democraey. 

* Benei, ep. at., p 92. 
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elect; a religion of the State la set up for worship, and order, 
obedience, and discipline are exacted throuf^ strict censorship, 
propaganda, and the military arm of the State Here we have the 
antithesis and negation of democracy Even the most optimistic 
doubt that these extreme opposites — fascism and democracy — can 
long live side by side m peace in the commumty of nations 

The crisis that confronts us is new only m the sense that the 
forces that threaten our way of life from without and within are 
more complex and crushing The most difficult factor is our creak- 
ing economic ssrstem Essentially, however, the crisis is a eontmuar 
tion of the old struggle for freedom, this time economic as well as 
political, social, and intellectual It will take something more than 
hp service to democracy and a mere faith m moral forces to deal with 
our situation 

There are many, of course, who contmue to have the abiding 
faith in democracy that Cooley bad Lake him, they affirm that our 
institutions have elasticity enou^ to meet the demands of a new 
epoch They believe, moreover, that it is unnecessary to abrogate 
entirely our property rights and our traditional reliance upon in- 
dividual initiative But these students recognise that only bold, 
concerted, and intelligent action can remove the penis that beset 
democracy 

Perhaps in conclusion wc may well raise a few pertment questions, 
beanng in mind Cooley’s suggestion that democracy must dare be 
experimental Can we deal with our numerous economic, social, and 
political problems by further planning and expenment in labor and 
security legislation, by some redefimtion of property nghts, regu- 
lation of pnees, and a more equitable distnbution of the profits of 
industry? In order to cope with tiie revolutionary changes m our 
economic, social, and scientific life stnmger governmental action 
and greater centralisation of authority will be more necessary in the 
future — can we have the responaUe and able leaderabip such a 

** There u ooaeidereble unanimity of attitude 1» this point, as seen m surii 
works as these: Bryson, Lyman, TfAtcft Wvy Ammeaf (New York The Mac- 
miUaa Co , 1939); Beard, Charles, Anurtea Faen the Future (New York 
Houghton Mifflin, 1982), Mumfovd, Lewis, Men Uuet Aet (New York Her- 
court, Braee and Co, 1989), Thomas, Norman, Demeeney ve Dtetatarektp 
(New York. The League lor Industrial Demooraiy, Inc., 1987), Lemer, Max, 
/( It Later than Vou Think (New York: Vtkmg Press, 1988); Ogbum and others, 
op cit., Vol I, Chap XXXIII; Counts, op eU 
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new onentation demands along with the oodperatum of labor and 
capital for common survival of our democracy? Lastly, if dictator- 
ships are the spawn of economic cnees and wars, can our instituhions 
stand the fuiiher strain of preparations for, or actual participation 
in, another war? 

Waynb Univshbitt 
DBTROIT, MlOBiaAN 
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